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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A non-volatile semiconductor memory characterized by providing the following. The 1st gate electrode 
arranged through a gate insulator layer on a principal plane of a semiconductor substrate this — a charge accumulation 
layer arranged on the side of the 1st gate electrode The 2nd gate electrode arranged through said charge accumulation 
layer on the side of said 1st gate electrode A conductive layer which connects electrically said 1st gate electrode and 
said 2nd gate electrode 

[Claim 2] A manufacture method of a non- volatile semiconductor memory characterized by to include at least a process 
which forms a conductive layer which connects electrically a process which forms the 1st gate electrode through a gate 
insulator layer on a principal plane of a semiconductor substrate, a process which carries out sequential formation of a 
charge accxmiulation layer and the 2nd gate electrode on the side of said 1st gate electrode, and said 1st gate electrode 
and said 2nd gate electrode. 

[Claim 3] A non- volatile semiconductor memory characterized by having a gate insulator layer which has been arranged 
on a principal plane of a semiconductor substrate, and which consists of the 1st, 2nd, and 3rd insulator layers, a charge 
accumulation layer arranged at the edge of said 2nd insulator layer, and a gate electrode arranged on said gate insulator 
layer. 

[Claim 4] A process which forms a gate insulator layer which carries out sequential formation of the 1st, 2nd, and 3rd 
insulator layers, and consists of these 1st, 2nd, and 3rd insulator layers on a principal plane of a semiconductor 
substrate. After depositing a gate electrode component on the upper part of this gate insulator layer, this gate electrode 
component and a gate insulator layer by carrying out patterning A manufacture method of a non-volatile semiconductor 
memory characterized by including at least a process which forms a gate electrode, a process which removes an edge of 
said 2nd insulator layer selectively, and forms space, and a process which forms a charge accumulation layer in this 
space [Claim 5] A semiconductor memory characterized by providing the following, the 1st lower insulator layer 
arranged on a principal plane of a semiconductor substrate — this — the 1st medium insulator layer arranged in the upper 
part of a center of the 1st lower insulator layer — the 1st up insulator layer arranged in the upper part of the 1st charge 
accumulation layer arranged in the upper part of an edge of said 1st lower insulator layer, said 1st medium insulator 
layer, and the 1st charge accumulation layer ~ and — this — a non- volatile semiconductor memory which has the 1st 
gate electrode arranged in the upper part of the 1st up insulator layer The 2nd lower insulator layer which has been 
arranged on a principal plane of said semiconductor substrate and which consists of the same material as said 1st 
medium insulator layer, a principal plane top of said semiconductor substrate — and — this — an ultra-thin insulator layer 
arranged to ends of the 2nd lower insulator layer — The 2nd charge accumulation layer which has heea arranged in Ae 
upper part of this ultra-thin insulator layer and which consists of the same material as said 1st charge accumulation 
layer, the 2nd up insulator layer which consists of the same material as said 1st up insulator layer arranged in the upper 
part of said 2nd lower insulator layer and the 2nd charge accumulation layer — and — this — an volatile semiconductor 
memory which has the 2nd gate electrode arranged in the upper part of the 2nd up insulator layer 
[Claim 6] A semiconductor memory characterized by providing the following, the 1st lower insulator layer arranged on 
a principal plane of a semiconductor substrate — this — the 1 st medium insulator layer arranged in the upper part of a 
center of the 1st lower insulator layer — the 1 st up insulator layer arranged in the upper part of the 1st charge 
accxmiulation layer arranged in the upper part of an edge of said 1st lower insulator layer, said 1st medium insulator 
layer, and the 1st charge accumulation layer — this — a non-volatile semiconductor memory which has the 1st gate 
electrode arranged in the upper part of the 1 st up insulator layer the 2nd charge accumulation layer which consists of tiie 
same material as said 1st charge accumulation layer arranged on an ultra-thin insulator layer arranged on a principal 
plane of said semiconductor substrate, and ttiis ultra-fliin insulator layer — fliis — the 2nd up insulator layer arranged on 
the 2nd charge accumulation layer — this ~ an volatile semiconductor memory which has tfie 2nd gate electrode 
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arranged on the 2nd up insulator layer 

[Claim 7] a lower insulator layer [ which has been arranged on a principal plane of a semiconductor substrate ], and 
principal plane top of said semiconductor substrate — and the volatile semiconductor memory characterized by to have 
an up insulator layer arranged in the upper part of an ultra-thin insulator layer arranged to ends of this lower insulator 
layerj a charge accumulation layer arranged in the upper part of this ultra-ttiin insulator layer, and a said lower insulator 
layer and a charge accumulation layer, and a gate electrode arranged in the upper part of ^s iqp insulator layer. 
[Claim 8] An volatile semiconductor memory characterized by having an ultra-thin insulator layer arranged on a 
principal plane of a semiconductor substrate, a charge accumulation layer arranged on this ultra-thin insulator layer, an 
insulator layer arranged on this charge accumulation layer, and a gate electrode arranged on this insulator layer. 
[Claim 9] A process which forms the 1 st insulator layer in a part on a principal plane of a semiconductor substrate, the 
upper part of this 1st insulator layer, and a principal plane of said semiconductor substrate a part A process which 
carries out sequential formation of the 2nd and 3rd insulator layers except. By process which deposits a gate electrode 
component on the upper part of this 3rd insulator layer, and carrying out patterning of this gate electrode component, 
said 3rd insulator layer, said 2nd insulator layer, and the 1st insulator layer By process which forms the 1st gate 
electrode, and carrying out patterning of said gate electrode component, said 3rd insulator layer, and the 2nd insulator 
layer a process which forms the 2nd gate electrode — this ~ a manufacture method of a semiconductor memory 
characterized by including at least a process which removes selectively an edge of the 2nd insulator layer of both 1st 
and 2nd gate electrodes, and forms space, and a process which forms a charge accimiulation layer in this space. 
[Claim 10] A process which carries out sequential formation of the 1st, 2nd, and 3rd insulator layers on a principal plane 
of a semiconductor substrate characterized by providing the following, a process which forms the 1st gate electrode by 
carrying out patterning of this gate electrode component, said 3rd insulator layer, said 2nd insulator layer, and the 1st 
insulator layer after depositing the 1 st gate electrode component on the upper part of this 3rd insulator layer — this — the 
1st gate electrode formation process, simultaneously a process performed A process which forms the 2nd gate electrode 
formation field in a part of principal plane of said semiconductor substrate by removing said gate electrode component, 
said 3rd insulator layer, said 2nd insulator layer, and the 1st insulator layer A process which removes selectively an edge 
of the 2nd insulator layer of said 1 st gate electrode, and forms space A process which forms an ultra-thin insulator layer 
on a principal plane of said semiconductor substrate After depositing a material which constitutes a charge accumulation 
layer on a principal plane of said semiconductor substrate, this charge accTimxilation layer component by carrying out 
anisotropic etching On a process which forms a charge accumulation layer in space of said 1st gate electrode, and a 
principal plane of said semiconductor substrate after depositing the 4th insulator layer and the 2nd gate electrode 
component — this — a process which forms the 2nd gate electrode by carrying out patterning of the 2nd gate electrode 
component, said 4th insulator layer, said charge accumulation layer component, and ultra-thin insulator layer 
[Claim 1 1] A non- volatile semiconductor memory characterized by having a gate insulator layer which has been 
arranged on a principal plane of said semiconductor substrate containing heights arranged on a principal plane of a 
semiconductor substrate, and these heights, and which consists of the 1st, 2nd, and 3rd insulator layers, a charge 
accumulation layer arranged at the edge of said 2nd insulator layer, and a gate electrode arranged on said gate insulator 
layer. 

[Claim 12] A process which forms a gate insulator layer which carries out sequential formation of die 1st, 2nd, and 3rd 
insulator layers, and consists of these 1st, 2nd, and 3rd insulator layers on a principal plane of a process which forms 
heights on a principal plane of a semiconductor substrate, and said semiconductor substrate containing these heights. 
After depositing a gate electrode component on the upper part of this gate insulator layer, this gate electrode component 
and a gate insulator layer by carrying out patterning A manufacture method of a non- volatile semiconductor memory 
characterized by including at least a process which forms a gate electrode, a process which removes an edge of said 2nd 
insulator layer selectively, and forms space, and a process which forms a charge accumulation layer in this space. 
[Claim 13] A non- volatile semiconductor memory characterized by having a gate insulator layer which has been 
arranged on a principal plane of said semiconductor substrate containing heights arranged on a principal plane of a 
semiconductor substrate, and these heights, and which consists of the 1st and 2nd insulator layers, a charge 
accumulation layer arranged between these 1st and 2nd insulator layers, and a gate electrode arranged on said gate 
insulator layer. 

[Claim 14] A manufacture method of a non- volatile semiconductor memory characterized by including at least a process 
which forms heights on a principal plane of a semiconductor substrate, a process which carries out sequential formation 
of the 1st insulator layer, a charge accumulation layer component, and the 3rd insulator layer on a jirincipal plane of said 
semiconductor substrate containing these heights, and a process which forms a gate electrode by carrying out patterning 
of this 1st insulator layer, a charge accumulation layer component, and the 3rd insulator layer. 
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[Claim 15] A non- volatile semiconductor memory characterized by having a gate insulator layer which has been 
arranged on a principal plane of said semiconductor substrate including a crevice arranged on a principal plane of a 
semiconductor substrate, and this crevice, and which consists of the 1st, 2nd, and 3rd insulator layers, a charge 
accumulation layer arranged at the edge of said 2nd insulator layer, and a gate electrode arranged on said gate insulator 
layer. 

[Claim 16] A process which forms a gate insulator layer which carries out sequential formation of the Ist, 2nd, and 3rd 
insulator layers, and consists of these 1 st, 2nd, and 3rd insulator layers on a principal plane of a process which forms a 
crevice on a principal plane of a semiconductor substrate, and said semiconductor substrate including this crevice. After 
depositing a gate electrode component on the upper part of this gate insulator layer, this gate electrode component and a 
gate insulator layer by carrying out patterning A manufacture method of a non- volatile semiconductor memory 
characterized by including at least a process which forms a gate electrode, a process which removes an edge of said 2nd 
insulator layer selectively, and forms space, and a process which forms a charge accumulation layer in this space. 
[Claim 17] A non-volatile semiconductor memory characterized by haying a gate insulator layer which has been 
arranged on a principal plane of said semiconductor substrate including a crevice arranged on a principal plane of a 
semiconductor substrate, and this crevice, and which consists of tiie 1st and 2nd insulator layers, a charge accumulation 
layer arranged between these 1st and 2nd insulator layers, and a gate electrode arranged on said gate insulator layer. 
[Claim 18] A manufacture method of a non- volatile semiconductor memory characterized by including at least a process 
which forms a crevice on a principal plane of a semiconductor substrate, a process which carries out sequential 
formation of the 1st insulator layer, a charge accumulation layer component, and the 3rd insulator layer on a principal 
plane of said semiconductor substrate containing these heights, and a process which forms a gate electrode by carrying 
out patterning of this 1st insulator layer, a charge accumulation layer component, and the 3rd insulator layer. 
[Claim 19] A process which forms a gate insulator layer which carries out sequential formation of the 1st, 2nd, and 3rd 
insulator layers, and consists of these 1st, 2nd, and 3rd insulator layers on a principal plane of a process which forms a 
crevice on a principal plane of a semiconductor substrate, and said semiconductor substrate including this crevice. After 
depositing a gate electrode component on the upper part of this gate insulator layer, this gate electrode component by 
removing by chemical mechanical polishing method A manufacture method of a non-volatile semiconductor memory 
characterized by including at least a process which forms a gate electrode embedded in said crevice, a process which 
removes an edge of said 2nd insulator layer selectively, and forms space, and a process which forms a charge 
accumulation layer in this space. 

[Claim 20] A process which forms a crevice on a principal plane of a semiconductor substrate, and a process which 
carries out sequential formation of the 1st insulator layer, a charge accumulation layer component, and the 3rd insulator 
layer on a principal plane of said semiconductor substrate including this crevice, A manufacture method of a non- 
volatile semiconductor memory characterized by including at least a process which forms a gate electrode embedded in 
said crevice by removing this gate electrode component by chemical mechanical polishing method after depositing a 
gate electrode component on the upper part of this 3rd insulator layer. 

[Claim 21] A non-volatile semiconductor memory characterized by having a gate electrode arranged through a gate 
insulator layer on a principal plane of a semiconductor substrate, a crevice arranged at the edge of this gate electrode, 
and a charge accumulation layer arranged through an insulator layer in this crevice at the upper part of hoth a chaimel 
field and a source drain field. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the semiconductor memory which wrote in 
electrically, wrote in an eliminable non- volatile semiconductor memory and its manufacture method, and a high speed, 
and loaded together the volatile semiconductor memory which can be read, its manufacture method and the non- volatile 
semiconductor memory, and the volatile semiconductor memoiy on the same chip, and its manufacture method. 
[0002] 

[Description of the Prior Art] By nonvolatile memory, such as the conventional EEPROM (Electrically Erasable and 
Programmable Read Only Memory), the information for 1 bit is memorized in one eel by realizing two tiiresholds which 
are different in one cel. On the other hand, for memory densification, four or more thresholds are given to one eel, and 
the technology of memorizing the above information in one eel by 2 bits is proposed (M.Bauer et al., ISSCC95, p. 132). 
However, in order to realize this technology, the charge maintenance reliability more than before is required of exact 
control of threshold voltage, the exact detection for a small change of threshold voltage, and a pan. Therefore, with this 
technology, the engine performance equivalent to the former cannot actual necessarily be obtained. Moreover, this 
technology also has the problem that the manufacture yield is low. For this reason, the cellular structure which 
memorizes the information for two or more bits by accumulating a charge in two or more physically different locations 
is newly proposed (B.Eitan et al, IEDM96, pi 69, Fig6). Moreover, the structure of establishing a charge accumulation 
layer in the side attachment wall of a gate electrode is proposed by this invention person as the cellular structure of 
resemblance in it before (United States Patent number No. 4881 108). However, the manufacturing process of these 
cellular structures is very complicated, and has the problem that the controllability of a channel field is not enough, 
either. 

[0003] The need of writing in electrically fi-om the demand of the system-on-chip of these days on the other hand, 
writing in eliminable nonvolatile memory and an eliminable high speed, and realizing volatile memory which can be 
read on the same chip is increasing. The demand of the nonvolatile memory which has floating-gate structures, such as 
EEPROM and a flash memory, especially, and VLSI consolidated with the dynamic RAM in which high-speed 
operation is possible is increasing rapidly. However, the memory cell of a dynamic RAM in recent years is becoming 
the very complicated three-dimensional structures, such as trench structure and stack structure. For this reason, if it is 
going to load together floating-gate mold nonvolatile memory and a dynamic RAM, from the difference in that memory 
cell structure, a manufacture process will be complicated and a mask routing counter will also increase. Therefore, the 
manufacturing cost of the mixed-loading chip will become very big. 

[0004] If the memory cell of a dynamic RAM is realized using the memory cell structure of the nonvolatile memory of a 
floating-gate mold, it is possible for a manufacture process to be simplified by communalization of the cellular structure 
and to reduce a manufacturing cost by it. However, it is difficult to realize the high-speed writing which is the feature of 
a dynamic RAM in the communalized memory cell. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is accomplished in view of the above-mentioned situation, 
and aims at offering the structure of a non- volatile semiconductor memory where the information for two or more bits is 
memorizable by the easy cellular structure. 

[0006] Other objects of this invention are offering the manufacture method of a non-volatile semiconductor memory of 
manufacturing the non-volatile semiconductor memory which memorizes the information for two or more bits in an 
easy manufacture process. 

[0007] The object of fiirther others of this invention is offering the structure of the semiconductor memory which wrote 
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in electrically by the easy cellular structure and loaded together eliminable nonvolatile memory and the volatile memory 
in which read-out write-in [ high-speed ] is possible. 

[0008] The object of further others of this invention is offering the manufacture method of the semiconductor memory 
which wrote in electrically in the easy manufacture process and loaded together eliminable nonvolatile memory and tiie 
volatile memory in which read-out write-in [ high-speed ] is possible. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the 1st feature of this invention The 1st 
gate electrode arranged through a gate insulator layer on a principal plane of a semiconductor substrate, A charge 
accumulation layer is minded on a charge accumulation layer arranged on the side of the 1st gate electrode, and the side 
of the 1st gate electrode. It is the non- volatile semiconductor memory which possesses a conductive layer which 
connects electrically the 2nd arranged gate electrode, and the 1st gate electrode and the 2nd gate electrode at least. 
[0010] The 2nd feature of this invention is the non-volatile semiconductor memory which possesses at least a gate 
insulator layer which has been arranged on a principal plane of a semiconductor substrate, and which consists of the 1st, 
2nd, and 3rd insulator layers, a charge accumulation layer arranged at the edge of the 2nd insulator layer, and a gate 
electrode arranged on a gate insulator layer. 

[001 1] The 3rd feature of this invention is a semiconductor memory consolidated with a non- volatile semiconductor 
memory and an volatile semiconductor memory. A non- volatile semiconductor memory The 1st lower insulator layer 
aixanged on a principal plane of a semiconductor substrate, and the 1 st medixmi insulator layer arranged in the upper 
part of a center of the 1st lower insulator layer. The 1st up insulator layer arranged in the upper part of the 1st charge 
accumulation layer arranged in the upper part of an edge of the 1st lower insulator layer, and the 1st meditmi insulator 
layer and the 1 st charge accumulation layer. The 1 st gate electrode arranged in the upper part of tiie 1 st up insulator 
layer is provided at least. An volatile semiconductor memory The 1st medium insulator layer and the 2nd lower 
insulator layer which consists of the same material arranged on a principal plane of a semiconductor substrate. On a 
principal plane of a semiconductor substrate, and an ultra-thin insulator layer arranged to ends of the 2nd lower insulator 
layer. The 1st charge accumulation layer and the 2nd charge accumulation layer which consists of the same material 
arranged in the upper part of an ultra-thin insulator layer. The 2nd gate electrode arranged in the upper part of the 1st up 
insulator layer and the 2nd up insulator layer which consists of the same material arranged in the upper part of the 2nd 
lower insulator layer and the 2nd charge accumulation layer, and the 2nd up insulator layer is provided at least 
[0012] The 4th feature of this invention is a semiconductor memory consolidated with a non-volatile semiconductor 
memory and an volatile semiconductor memory. A non-yolatile semiconductor memory The 1st lower insulator layer 
arranged on a principal plane of a semiconductor substrate, and the 1st medium insulator layer arranged in the upper 
part of a center of the 1 st lower insulator layer. The 1 st up insulator layer arranged in the upper part of the 1st charge 
accumulation layer arranged in the upper part of an edge of the 1st lower insulator layer, and the 1st medium insulator 
layer and the 1st charge accumulation layer. The 1st gate electrode arranged in the upper part of the 1st up insulator 
layer is provided at least. An volatile semiconductor memory The 1 st charge accumulation layer and the 2nd charge 
accumulation layer which consists of the same material arranged on an ultra-thin insulator layer arranged on a principal 
plane of a semiconductor substrate, and an ultra-thin insulator layer. The 2nd gate electrode arranged on the 2nd up 
insulator layer arranged on the 2nd charge accumulation layer and the 2nd up insulator layer is provided at least. 
[0013] The 5th feature of this invention is the non-volatile semiconductor memory which possesses at least a gate 
insulator layer which has been arranged on a principal plane of a semiconductor substrate including heights or a crevice 
arranged on a principal plane of a semiconductor substrate, and heights or a crevice, and which consists of the 1st, 2nd, 
and 3rd insulator layers, a charge accumulation layer arranged at the edge of the 2nd insulator layer, and a gate electrode 
arranged on a gate insulator layer. 

[0014] The 6th feature of this invention is the non-volatile semiconductor memory which possesses at least a gate 
insulator layer which has been arranged on a principal plane of a semiconductor substrate including heights or a crevice 
arranged on a principal plane of a semiconductor substrate, and heights or a crevice, and which consists of the 1st and 
2nd insulator layers, a charge accimiulation layer arranged between the 1st and 2nd insulator layers, and a gate electrode 
arranged on a gate insulator layer. 

[0015] ** is provided for a charge accumulation layer arranged througji an insulator layer in a gate electrode with which 
the 7th feature of this invention has been arranged through a gate insulator layer on a principal plane of a semiconductor 
substrate, a crevice arranged at the edge of a gate electrode, and a crevice at least, and it is the non-volatile 
semiconductor memory with which a charge accumulation layer is arranged in the upper part of both a channel field and 
a source drain field 
[0016] 
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[Embodiment of the Invention] With reference to a drawing, the gestaU of operation of this invention is explained 
below. In the publication of the following drawings, the sign of identically the same into a similar portion or 
resemblance is attached. However, a drawing is typical and it should care about that the ratio of ttie relation between 
thickness and a flat-surface size and the thickness of each class etc. differs from an actual thing. Therefore, concrete 
thickness and a concrete size should be judged in consideration of the following explanation. Moreover, of course, the 
portion from which the relation and the ratio of a mutual size differ also in between drawings is contained. 
[0017] (Gestalt of the 1st operation) Drawing 1 is the cross section showing the memory cell structure of the non- 
volatile semiconductor memory concerning the gestalt of operation of the 1st of this invention. This memory cell 
consists! of n mold MOS transistors. With the memory cell structure of the non-volatile semiconductor memory 
concerning the gestalt of operation of the 1 st of this invention, the 1 st gate electrode 3 is formed in the front face of the 
p type semiconductor substrate 1 through the gate insulator layer 2, and the charge accumulation layer 4 (4a, 4b) is 
established in the both-sides side of the 1st gate electrode 3. This charge accumulation layer 4 has the laminated 
structure, the 1st oxide film 5 and the 2nd layer consist of nitrides 6, and the 3rd layer consists of the 2nd oxide film 7 
for the 1st layer. Furthermore, the 2nd gate electrode 8 is formed in the upper part of the charge accimiulation layer 4. 
The sidewall spacer 9 is formed in the side of the charge accxamulation layer 4, and n-mold diffusion layer 10 of the low 
high impurity concentration which touches a channel field, and n+ mold diffusion layer 1 1 of the high high impurity 
concentration located in the outside of this n-mold diffusion layer 10 are formed in the p type semiconductor substrate 1 
of the lower part of this sidewall spacer 9. the 1st gate electrode 3, the charge accumulation layer 4, the 2nd gate 
electrode 8, and n+ mold diffusion layer 1 1 — a conductive layer 12 is formed in each front face. The 1st gate electrode 
3 and the 2nd gate electrode 8 are electrically connected througji this conductive layer 12. 

[0018] The memory cell of the non-volatile semiconductor memory concerning the gestalt of operation of the 1st of this 
invention has the LDD (Lightly doped drain) structure which constituted the source field and the drain field from an n- 
mold dififijsion layer 10 of low high impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity 
concentration. And the charge accumulation layer 4 is formed in the both-sides side of the 1st gate electrode 3, and a 
changed part of the threshold voltage produced by the existence of the electron held at the nitride 6 of these two charge 
accumulation layers 4 is made to correspond to "00" of storage information, "01", "10", and "11." Furthermore, the 2nd 
gate electrode 8 is formed in the upper part of the charge accumulation layer 4, by carrying out electrical installation of 
this 2nd gate electrode 8 to the 1st gate electrode 3, the controllability of a channel field is raised and detection for 
threshold voltage change is made easy. 

[0019] Next, actuation of the nonvolatile memory concerning the gestalt of operation of the 1st of this invention is 
explained using drawing 2 thru/or drawing 4 . Drawing 2 is the cross section of the nonvolatile memory explaining 
write-in actuation. Drawing 3 is the cross section of the nonvolatile memory explaining read-out actuation. Drawin g:! is 
the cross section of the nonvolatile memory explaining elimination actuation. As shown in drawing 2 , at the time of the 
writing of a memory cell, high tension (- 10 V) is impressed to Gate G, and the source S which applies high tension (- 8 
V) to the drain D close to charge accumulation layer 4b which accumulates an electron simultaneously, and does not 
approach is grounded. Thus, if voltage is impressed, a channel thermoelectron (Channel Hot Electron) will be generated 
and this thermoelectron will be captured by the nitride 6 of charge acc\miulation layer 4b. Charge accumulation layer 
4b*s capture of an electron changes the threshold voltage of a eel transistor. Read-out of a memory cell is performed by 
detecting a changed part of threshold voltage. As shown in drawing 3 , voltage 5V are added to Gate G, voltage 3V are 
simultaneously impressed to Drain D, and, specifically, the difference of the amount of current is detected with a sense 
amplifier. Moreover, as shown in drawing 4 , elimination of a memory cell impresses positive voltage (- 9 V) to the 
drain D which impresses negative voltage (- -6 V) to Gate G, and approaches charge accvimulation layer 4b eliminated, 
and is performed by emitting trapped electron to charge accumulation layer 4b. hi addition. Source S and Drain D of an 
MOS transistor can be done in the symmetry as everyone knows, and, generally it is possible to replace Source S and 
Drain D. Therefore, also in the above-mentioned explanation, it is possible to replace Drain D with Source S. 
[0020] Next, the manufacture method of the memory cell of tiie non-volatile semiconductor memory concerning the 
gestalt of operation of the 1st of this invention is explained using drawing 5 thru/or drawing 9 . As first shown in 
drawing 5 , the 25nm gate insulator layer 2 is formed by thermal oxidation on the p type semiconductor substrate 1. 
then, the p type semiconductor substrate 1 whole surface - LPCVD (Low Pressure Chemical Vapor Deposition) - after 
depositing the 300mn polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is carried 
out with well-known exposure technology and etching technology, and the 1st gate electrode 3 is formed. 
[0021] Next, as shown in drawin g 6 , after removing the gate insulator layer 2 of the fix)nt face of the p type 
semiconductor substrate 1 of the field which forms a source field and a drain field, the p type semiconductor substrate 1 
is oxidized thermally in a 900 degrees C - 1200 degrees C oxidizing atmosphere, and the 1st lOnm oxide film 5 is 
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formed, and the 1st oxide-film 5 top - LPCVD - the lOnm - lOOnm nitride 6 is deposited by law, and the 2nd about 
5nm oxide film 7 is formed in nitride 6 front face with 900-degree C hydrogen burning oxidation or a CVD method after 
that; 

[0022] next, it is shown in drawirig 7 - as - the 2nd oxide-film 7 top - for example, LPCVD— RIE (Reactive Ion 
Etching) after depositing about 25-250nm polycrystalline silicon by law - anisotropic etching by law is performed and 
the charge accumulation layer 4 which has the 2nd gate electrode 8 in the upper part is formed in the 1st gate electrode 
side by removing this polycrystalline silicon film, the 1 st oxide film 5, a nitride 6, and the 2nd oxide film 7 by those 
thickness. 

[0023] Next, as shown in drawing^ , n-mold diffusion layer 10 of low high impurity concentration is formed. It is 
form^ by activating the impurity which n-mold diffusion layer 10 used the 1st gate electrode 3 and the charge 
accumulation layer 4 as the mask with ion-implantation technology, poured in n mold impurity, and was poured in by 
subsequent heat treatment. 

[0024] Next, as shown in drawing 9 , after forming the sidewall spacer 9 in the side attachment wall of the charge 
accumulation layer 4, n+ mold diffusion layer 1 1 of high high impurity concentration is formed. It is formed by 
activating the impurity which n+ mold diffusion layer 1 1 used the 1st gate electrode 3, the charge accumulation layer 4, 
and the sidewall spacer 9 as the mask with ion-implantation technology, poured in n mold impurity, and was poured in 
by subsequent heat treatment 

[0025] next, the thing for which refi-actory metal films, such as a timgsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate 1, then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere — the 1st gate electrode 3, the charge accumulation layer 4, the 2nd gate electrode 8, 
and n+ mold diffusion layer 1 1 — the conductive layer 12 which consists of refi-actory metal silicide is formed in each 
fi-ont face. At this time, the thickness of the 1st oxide film 5, a nitride 6, the 2nd oxide film 7, especially a nitride 6 
needs to be set up so that the refi-actory metal silicide layer on the 1 st gate electrode 3 and the 2nd gate electrode 8 may 
carry out bridging. After conductive layer 12 formation, if the unreacted refi-actory metal which remained in fields other 
than the above is removed, the memory cell structure shown in drawing 1 will be completed. 

[0026] In addition, although a graphic display is not carried out, a final non- volatile memory cell is completed after 
memory cell structure completion of drawing 1 through the usual CMOS manufacturing processes, such as an interlayer 
insulation film formation process, a contact hole formation process, a wiring formation process, and a passivation film 
formation process, one by one. 

[0027] According to the gestalt of operation of the 1st of this invention, since the 2nd gate electrode 8 was formed also 
in the upper part of the charge accumulation layer 4, the controllability of threshold voltage improves. In addition, 
althou^ the gestalt of operation of the 1st of this invention explained the case where a memory cell was constituted 
fi-om an n mold MOS transistor, the same effect is acquired even if it is the case where it constitutes fi-om a p mold MOS 
transistor. Moreover, although the memory cell has LDD structure, they may be single drain structure and double drain 
structure. 

[0028] (Gestalt of the 2nd operation) Next, the gestalt of operation of the 2nd of this invention is explained. Drawing 10 
is the cross section showing the memory cell structure of the non-volatile semiconductor memory concerning the gestalt 
of operation of the 2nd of this invention. This memory cell consists of n mold MOS transistors. With the memory cell 
structure of the nonvolatile memory concerning the gestalt of operation of the 2nd of this invention, the 2nd gate 
insulator layer 14 is formed in the front face of the p type semiconductor substrate 1 through the 1st gate insulator layer 
13. And the charge accxmiulation layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 14. On the 2nd 
gate insulator layer 14 and charge accumulation layer 4a, and 4b, the gate electrode 3 is formed through the 3rd gate 
insulator layer 15. The sidewall spacer 9 is formed in the side of the gate electrode 3 through an oxide film 16, and n- 
mold diffusion layer 10 of the low high impurity concentration which touches a channel field, and n+ mold diffusion 
layer 1 1 of the high high impurity concentration located in the outside of this n-mold diffusion layer 10 are formed in 
the p type semiconductor substrate 1 of the lower part of this sidewall spacer 9. the gate electrode 3 and n+ mold 
diffusion layer 1 1 ~ a conductive layer 12 is formed in each front face. 

[0029] The memory cell of the non- volatile semiconductor memory concerning the gestalt of operation of the 2nd of 
this invention has tiie LDD structure which constituted the source field and the drain field fix)m an n-mold diffusion 
layer 10 of low high impxirity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. 
And it consists of three-layer cascade screens which a gate insulator layer turns into from the 1st gate insulator layer 13 
(lower layer), the 2nd gate insulator layer 14 (interlayer), and the 3rd gate insulator layer 15 (upper layer), and the 
charge accumulation layers 4a and 4b are formed in the both ends of the 2nd gate insulator layer 14. An electron is 
accumulated in these two charge accumulation layers 4a and 4b. That are recording condition (1) charge accumulation 
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layer 4a, All of 4b can take the condition which is not accumulating the electron, the condition that only (2) charge 
accumulation layer 4a is accumulating the electron, the condition that only (3) charge accumulation layer 4b is 
accumulating the electron, and four conditions of condition ** that (4) charge accumulation layers 4a and 4b are 
accumulating the electron. A changed part of the threshold voltage produced by the existence of the electron held in 
these two charge accumulation layers 4a and 4b is made to correspond to "00" of storage information, "01 "10", and 
"11." Moreover, with this memory cell structure, since the charge accumulation layers 4a and 4b are located above the 
channel field edge, the threshold voltage of a channel field center section is decided only by high impurity concentration 
of a channel field, and they do not depend for it on the are recording condition of the electron of the charge 
accumulation layers 4a and 4b. Therefore, fault elimination (over-erase) by the excess and deficiency of the electron of 
the charge accumulation layers 4a and 4b is prevented, and cannot produce the poor leak which originates in fault 
elimination by that cause, a poor program, and poor read-out. Moreover, the le^age current between a source field and 
a drain field can be controlled only with gate voltage, and can realize highly reliable non-volatile semiconductor 
memory. What is necessary is for the charge accimiulation layers 4a and 4b just to consist of high silicon nitrides of the 
charge storage capacity by the CVD method. It is because the charge maintenance property of being hard to receive 
effect in the membraneous quality of a lower insulator layer can be acquired by accumulating an electron in the discrete 
charge trapping level of a silicon nitride. Moreover, if constituted fi-om a silicon film and a polycrystalline silicon film, 
it can manufacture cheaply. Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are 
constituted fi-om a silicon nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric 
constant, silicon oxide conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 
4nm - about 1 Inm. For example, since the real thickness of the silicon nitride whose silicon oxide conversion thickness 
is Snm is about lOnm, induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voltage at the time 
of electronic impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but 
detailed-ization of a circimiference high-tension actuation element of it is attained. 

[0030] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted fi'om a memory cell of the non-volatile semiconductor 
memory concerning the gestalt of operation of the 2nd of this invention, a source field and a drain field may consist of 
single drain structure and double drain structure. Although the 2nd gate insulator layer 14 prevents leak between charge 
accumulation layer 4a-4b, it can consist of silicon oxide, for example. Moreover, if the metal oxide film which has a 
high dielectric constant is used for the 2nd gate insulator layer 14, the current transfer characteristics of the center of a 
channel field can be improved. As a metal oxide film, there are Ti02, Ta 205, aluminum205, and PZT and SBT. 
[0031] Next, actuation of the nonvolatile memory conceming the gestalt of operation of the 2nd of this invention is 
explained using drawing 1 1 and drawing 12 . Drawing 1 1 is the cross section of the nonvolatile memory explaining 
write-in actuation. Drawing 12 is the cross section of the nonvolatile memory explaining elimination actuation. As 
shown in drawing 1 1 , at the time of the writing of a memory cell, about 7-8 V is impressed to Gate G, about 5V is 
impressed to Drain D, respectively, and Source S is grounded. Thus, voltage is impressed and an electron is poured into 
charge accumulation layer 4b by ttie side of a drain field with a channel thermoelectron (CHE), the case where an 
electron is poured into charge accumulation layer 4a by the side of a source field — Drain D and Source S — what is 
necessary is to be alike, respectively and just to replace the voltage to impress with the above-mentioned case On the 
other hand, as shown in drawing 12 , elimination of a memory cell impresses negative voltage (- -5 V) to Gate G, and is 
performed by drawing out an electron fi^om the charge accumulation layers 4a and 4b using Fowler Nordheim (FN) 
mold tunnel current. Moreover, when the gate electrode 3 is shared by two or more memory cells, an electron can be 
simultaneously drawn out fi-om those memory cells. In this case, what is necessary is just to let Source S and Drain D be 
the p type semiconductor substrate 1 and this potential. Moreover, it is also possible to impress different positive voltage 
fi-om the potential of the p type semiconductor substrate 1 to Drain D, and to draw out an electron for Source S only 
fi"om charge accumulation layer 4a by the side of floating potential (Floating), then Drain D. What is necessary is to 
impress positive voltage to Source S, in drawing out an electron only fi-om charge accumulation layer 4b by the side of 
Source S, and just to let Drain D be floating potential. 

[0032] The writing of a memory cell can also be performed like elimination of a memory cell using FN current. About 
lOV is impressed between Gate G and the p type semiconductor substrate 1, and an electron is poured into the charge 
accumulation layers 4a and 4b with FN current. In this case, an electron can be simultaneously injected into two or more 
memory cells in which Gate G is common. 

[0033] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current traiisfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLjeije 



3/18/2004 



Page 6 of 27 



charge accumulation layers 4a and 4b. To which bias shall be carried out between Soxirce S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to fovir are 
recording conditions of the charge accumulation layers 4a and 4b, four different current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0034] Next, the manufacture method of the memory cell of the non-volatile semiconductor memory concerning the 
gestalt of operation of the 2nd of this invention is explained using drawing 13 thru/or drawing 19 . As first shown in 
drawin g 13 , the small silicon nitride of charge storage capacity is deposited all over p type semiconductor substrate 1, 
and the about lOnm 1st gate insulator layer 13 is formed, deposition of the small siUcon nitride of charge storage 
capacity — for example, JVD (Jet- Vapor-Deposition) — it carries out by law. JVD — law is indicated by reference 
"T.P.Ma, IEEE Transactions on Electron Devices, Volume 45 Number 3, and March 1998p680." Silicon oxide is 
deposited with a CVD method after 1st gate insulator layer 13 formation, and the about 5-lOnm 2nd gate insulator layer 
14 is formed. Then, the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about 
lOnm 3rd gate insulator layer 15 is formed. 

[0035] next, it is shown in drawing 14 - as — the p type semiconductor substrate 1 whole surface — LPCVD — after 
depositing tiie about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and the gate electrode 3 is formed. Then, dry etching of 
the 1st gate insulator layer 13, the surface 2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the p 
type semiconductor substrate 1 of the field which forms a source field and a drain field by using the gate electrode 3 as a 
mask is carried out in self align. 

[0036] Next, as shown in drawing 1 5 , the space 17 for charge accumulation layer formation is formed. This space 17 is 
formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 selectively using an etching reagent 
with the larger etch rate of the 2nd gate insulator layer 14 than the 1st gate oxide 13 and the 3rd gate insulator layer 15. 
What is necessary is just to use for example, a fluoric acid system as an etching reagent with the gestalt of operation of 
the 2nd of this invention, since the 1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted from a silicon 
nitride and the 2nd gate insulator layer 14 is constituted fi-om silicon oxide. Moreover, the space 17 for charge 
accumulation layer formation may be formed by the plasma dry etching method using the gas which changes to the wet 
etching method which used the etching reagent, and contains HF gas. 

[0037] next, it is shown in drawing 16 — as — the p type semiconductor substrate 1 whole surface — LPCVD — it 
deposits so that the space 17 for charge accumulation layer formation may be thoroughly embedded by law in the high 
silicon nitride 18 of charge storage capacity. And as shown in drawing 17 , anisotropic etching by RIE is performed to 
the p type semiconductor substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of 
high silicon nitrides of charge storage capacity are formed. 

[0038] Next, as shown in drawing 1 8 , after forming an oxide film 16 all over p type semiconductor substrate 1, n-mold 
diffusion layer 10 of low high impurity concentration is formed. It forms by activating the impurity which n-mold 
diffusion layer 10 used the gate electrode 3 as the mask with ion-implantation technology, i>oured in n mold impurity, 
and was poxired in by subsequent heat treatment. 

[0039] Next, as shown in drawing 19 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
electrode 3, h+ mold diffusion layer 1 1 of high high impurity concentration is formed. It forms by activating the 
impxirity which n+ mold diffusion layer 1 1 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in n mold impurity, and was poured in by subsequent heat treatment. 
[0040] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate 1, then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere — the gate electrode 3 and n+ mold diffusion layer 1 1 — the conductive layer 12 
which consists of refi"actory metal silicide is formed in each front face. After conductive layer 12 formation, if the 
unreacted refractory metal which remained in fields other than the above is removed, the memory cell structure shown 
in drawing 10 will be completed. 

[0041] In addition, although a graphic display is not carried out, a final non-volatile memory cell is completed after 
memory cell structure completion of drawing 10 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
passivation film formation process, one by one. 

[0042] Thus, with the gestalt of the 2nd operation of this invention, the charge accumulation layers 4a and 4b can be 
formed in the lower part of the ends of the gate electrode 3 in self align. Therefore, detailed-ization of the direction of 
gate length of a eel transistor is attained. Thereby, large capacity and the non- volatile semiconductor memory of high 
density can be offered. Moreover, the eel area per bit is mostly reduced by half compared with the former, and non- 
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volatile semiconductor memory reduced substantially can be realized. 

[0043] Moreover, the width of face of the direction of channel length of the charge accumulation layers 4a and 4b is 
easily controllable by accommodation of the etching speed difference of the 1st gate insulator layer 13 and the 3rd gate 
insulator layer 15, and the 2nd gate insulator layer 14, and etching time. Thereby, the charge accumulation layers 4a and 
4b can be arranged to the symmetry. And since the charge accumulation layers 4a and 4b are electrically separated 
thoroughly by the 2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b does not 
happen. Furthermore, since it is thoroughly insulated from a source field, a drain field, the gate electrode 3, and a 
channel field with the 1st insulator layer 13, 3rd insulator layer 15, and oxide film 16, the charge accumulation layers 4a 
and 4b can offer the non- volatile semiconductor memory which was excellent in the charge maintenance property. It is 
extended and formed in the direction of a channel field from the edge of the gate electrode 3, and the charge 
accumulation layers 4a and 4b are cuixent transfer-characteristics *♦****♦*♦♦ of a memory cell by the charge storage 
condition of the portion by the side of the channel field of the charge accumulation layers 4a and 4b. Therefore, if the 
gate length lay length of this portion is reduced to a limit, more detailed non-volatile semiconductor memory can be 
offered. 

[0044] Furthermore, since the cellular structure is easily realizable at the usual CMOS process, non-volatile 
semiconductor memory can be manufactured by low cost using the existing production line. 

[0045] (Gestalt of the 3rd operation) Next, the gestalt of operation of the 3rd of this invention is explained. In the gestalt 
of the 2nd operation shown in drawing 10 , silicon oxide and the 2nd gate insulator layer 14 are transposed to a silicon 
nitride, and the gestalt of operation of the 3rd of this invention transposes the 3rd gate insulator layer 15 for the 1st gate 
insulator layer 13 to silicon oxide. Hereafter, the manufacture method of the memory cell of the non- volatile 
semiconductor memory concerning the gestalt of operation of the 3rd of this invention is explained with reference to 
drawing 13 thru/or drawing 15 . 

[0046] First, the memory cell of the non- volatile semiconductor memory concerning the gestalt of operation of the 3rd 
of this invention oxidizes thermally the p type semiconductor substrate 1, and forms the 1st gate insulator layer 13 
which consists of about lOnm silicon oxide, after 1st gate insulator layer 13 formation and JVD — the lovv^ silicon nitride 
of the charge storage capacity by law is deposited, and the about 5-l(him 2nd gate insulator layer 14 is formed. Then, 
silicon oxide is deposited with a CVD method and the about lOnm 3rd gate insulator layer 15 is formed (refer to 
drawing 13 ^. 

[0047] next, the p type semiconductor substrate 1 whole surface ~ LPCVD — after depositing the about 50-250nm 
polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is carried out with exposure 
technology and etching technology, and the gate electrode 3 is formed. Dry etching of the 1st gate insulator layer 13, the 
surface 2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the p type semiconductor substrate 1 of 
the field which forms a source field and a drain field by using the gate electrode 3 as a mask continuously is carried out 
in self align (refer to drawing 14 ). 

[0048] Next, the p type semiconductor substrate 1 is oxidized thermally, and thin silicon oxide is formed all over p type 
semiconductor substrate 1. Then, the space 17 for charge accumulation layer formation is formed. The space 17 for this 
charge accumulation layer formation is formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 
selectively using an etching reagent with the larger etch rate of the 2nd gate insulator layer 14 than the 1st gate oxide 13 
and the 3rd gate insulator layer 15. What is necessary is just to use for example, a phosphoric-acid system as an etching 
reagent with the gestalt of operation of the 3rd of this invention, since the 1st gate oxide 13 and the 3rd gate insulator 
layer 15 are constituted fi-om silicon oxide and the 2nd gate insulator layer 14 is constituted fi-om a silicon nitride. In - 
addition, since the silicon nitride 14 hardly oxidizes depending on thermal oxidation processing, an oxide film is not 
formed in the side of the 2nd gate insulator layer, but, for this reason, its selectivity of etching improves (refer to 
drawing 15 ). Moreover, the space 17 for charge accumulation layer formation may be formed by the plasma dry etching 
method using the gas which changes to the wet etching method which used the etching reagent, and contains CF4 gas. 
The subsequent process is the same as the gestalt of the 2nd operation. 

[0049] (Gestalt of the 4th operation) Next, the gestalt of operation of the 4th of this invention is explained. Drawing 20 
is the cross section showing the memory cell structure of the non- volatile semiconductor memory concerning the gestalt 
of operation of the 4th of this invention. The gestalt of operation of the 4th of this invention is the example which 
constituted the memory cell from a p mold MOS transistor. As shown in drawing 20 , with the memory cell structure of 
the nonvolatile memory concerning the gestalt of operation of the 4th of this invention, the 2nd gate insulator layer 14 is 
formed in the front face of the n-type-semiconductor substrate 19 through the 1 st gate insulator layer 13. And the charge 
accximulation layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 14. On the 2nd gate insulator layer 
14 and charge accumulation layer 4a, and 4b, the gate electrode 3 is formed througji the 3rd gate insulator layer 15. The 
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sidewall spacer 9 is fonned in the side of the gate electrode 3 through an oxide fihn 16, and p-mold diflfUsion layer 20 of 
the low high impurity concentration which touches a channel field, and p+ mold diffusion layer 21 of the high high 
impurity concentration located in the outside of this p-mold diffusion layer 20 are formed in the n-type-semiconductor 
substrate 19 of the lower part of this sidewall spacer 9. the gate electrode 3 and p+ mold diffusion layer 21 — a 
conductive layer 12 is formed in each front face. 

[0050] Next, actuation of the nonvolatile memory concerning the gestalt of operation of the 4th of this invention is 
explained using drawing 21 and drawing .22 . Dra.wing_2 1 is the cross section of the nonvolatile memory explaining 
write-in actuation. Drawing 22 is the cross section of the nonvolatile memory explaining elimination actuation. As 
shown in drawing 21 , at the time of the writing of a memory cell, about 5V is impressed to Gate G, and about -5V is 
impressed to Drain D, respectively, and let Source S be floating potential. Thus, voltage is impressed, energy is given to 
the electron of the tunneling reason between band-bands by the electric field near the drain field, and an electron is 
povired into charge accumulation layer 4b by the side of a drain field, the case where an electron is poured into charge 
accvimulation layer 4a by the side of a source field — Drain D and Source S — what is necessary is to be alike, 
respectively and just to replace the voltage to impress with the above On the other hand, as shown in drawing 22 , 
elimination of a memory cell impresses negative voltage (- -5 V) to Gate G, and is performed by drawing out an 
electron fi"om the charge accumulation layers 4a and 4b using FN current. Moreover, when Gate G is shared by two or 
more memory cells, an electron can be simultaneously drawn out fi-om those memory cells. In this case, let Source S and 
Drain D be the n-type-semiconductor substrate 1 9, this potential, or floating potential. 

[0051] The writing of a memory cell can be carried out even if it uses a channel thermoelectron like [ in the case of the 
gestalt of operation of the 2nd of this invention ]. In this case, about -2.5V is impressed to Gate G, about -5V is 
impressed to Drain D, respectively, and Source S is grounded. Thus, voltage is impressed and an electron is poured into 
charge accumulation layer 4b by the side of a drain field with a channel thermoelectron. the case where an electron is 
poured into charge accimiulation layer 4a by the side of a source field on the other hand — Drain D and Source S ~ what 
is necessary is to be alike, respectively and just to replace the voltage to impress 

[0052] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Soiirce S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four different ciirrent transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0053] (Gestalt of the 5 th operation) Next, the gestalt of operation of the 5th of this invention is explained. Generally, a 
circumference circuit is arranged in semiconductor memory aroxind a memory cell array. For example, there are a 
decoder, writing/elimination circuit, a readout circuitry, an analog circuit, various kinds of I/O circuits, various kinds of 
capacitor circuits, etc. as the circxmiference circuit. The gestalt of operation of the 5th of this invention shows the 
example which manufactures simultaneously the MOS transistor which constitutes these circumference circuit using the 
manufacturing process of the memory cell transistor of the gestalt of the 2nd - the 4th operation. Drawing 23 is the cross 
section showing the structure of the MOS transistor which constitutes the circxmiference circuit of the non-volatile 
semiconductor memory concerning the gestalt of operation of the 5th of this invention. As shown in draw ing 23 , 
according to tiie gestalt of operation of the 5th of this invention, seven kinds of MOS transistors (Trl-Tr7) firom which a 
gate insulator layer differs in addition to a memory cell transistor (memory cell Tr) are realizable. In addition, the 
memory cell transistor of drawing 23 is a memoiy cell transistor shown in drawing 10 . Moreover, MOS transistors Trl- 
Tr7 show n mold MOS transistor altogether, n-mold diflfusion layer 10 of a memory cell transistor and n+ mold 
diffusion layer 11, and the conductive layer 12 are omitted in order to make a drawing legible. The same is said of MOS 
transistors Trl-Tr7. 

[0054] Next, the manufacture method of the MOS transistor shown in drawing 23 is explained using drawing 24 thru/or 
drawing 30 . it is first shown in drawing 24 — as — the p type semiconductor substrate 1 whole surface ~ JVD ~ the 
small silicon nitride of charge storage capacity is deposited by law, and the about lOnm 1st gate insulator layer 13 is 
fonned. Well-known exposure technology and dry etching technology remove the 1st gate insulator layer 13 of some 
fields on the p type semiconductor substrate 1 after 1st gate insulator layer 13 formation. And as shown in drawing 25 , 
silicon oxide is deposited with a CVD method and the about 5-lQnm 2nd gate insulator layer 14 is formed. Exposure 
technology and dry etching technology remove the 2nd gate insulator layer 14 of some fields after 2nd gate insulator 
layer 14 formation, then, it is shown in drawing 26 — as — JVD — the small silicon nitride of charge storage capacity is 
deposited by law, and the about lOimi 3rd gate insulator layer 15 is fonned. Exposure technology and dry etching 
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technology remove the 3rd gate insulator layer 15 of some fields after 3rd gate insulator layer 15 formation. Thus, seven 
kinds of gate insulator layers which consist of at least one of the 1st gate insulator layer 13, the 2nd gate insulator layer 
14, and the 3rd gate insulator layers 1 5 are realized. 

[0055] next, it is shown in drawing 27 - as ~ the p type semiconductor substrate 1 whole surface — LPCVD ~ after 
depositing tfie about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and two or more gate electrodes 3 are formed. 
Furthermore, the 1st gate insulator layer 13, the surface 2nd gate insulator layer 14, and the surface 3rd gate insulator 
layer 15 of the p type semiconductor substrate 1 of the field which forms each source field and drain field of a memory 
cell transistor and an MOS transistor by dry etching by using the gate electrode 3 as a mask are removed. 
[0056] Next, as shown in drawing 28 , wet etching of the field which forms a bonnet and a memory cell transistor for 
the field which forms MOS transistors Trl-Tr7 by the photoresist 22 is carried out. An etching reagent uses what has the 
larger etch rate of the 2nd gate insulator layer 14 than tfie 1st gate oxide 13 and the 3rd gate insulator layer 15. The edge 
of the 2nd gate insulator layer 14 of the field which forms a memory cell transistor by this wet etching is etched 
selectively, and the space 17 for charge accumulation layer formation is formed. What is necessary is just to use for 
example, a fluoric acid system as an etching reagent widi the gestalt of operation of the 5th of this invention, since the 
1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted fi-om a silicon nitride and the 2nd gate insulator 
layer 14 is constituted fi*om silicon oxide, and it is shown in drawing 29 ~ as — the p type semiconductor substrate 1 
whole surface — LPCVD ~ it deposits so that the space 17 for charge accumulation layer formation may be thoroughly 
embedded by law in the high silicon nitride 18 of charge storage capacity. Then, as shown in drawing 30 , anisotropic 
etching by RIE is performed to the p type semiconductor substrate 1 whole surface, and the charge accumulation layers 
4a and 4b which consisted of high silicon nitrides of charge storage capacity are formed in the field which forms a 
memory cell transistor. The subsequent process is the same as the gestalt of operation of the 2nd of this invention. 
[0057] According to the gestalt of operation of the 5th of this invention, seven kinds of MOS transistors Trl-Tr7 which 
have the gate insulator layer fi^om which thickness differs can be manufactured to a memory cell transistor and 
coincidence. Thereby, the MOS transistor corresponding to operating voltage various firom the high resisting pressure 
transistor of high-tension actuation to a super-low voltage actuation transistor can be offered. Furthermore, n mold MOS 
transistor and p mold MOS transistor are realizable. Moreover, the gate electrode 3 of a memory cell transistor and 
MOS transistors Trl-Tr7 consists of same materials, and is formed at the same exposure process and a dry etching 
process. Therefore, a detailed transistor with few alignment gaps of a photo mask can be offered. 

[0058] (Gestalt of the 6th operation) Next, the gestalt of operation of the 6th of this invention is explained, the gestalt of 
this 6th operation shows the example which writes in electrically, writes in and carries out reading appearance to 
eliminable nonvolatile memory and an eliminable high speed, and realizes possible volatile memory on the same chip. 
The cross section showing the memory cell structure of die nonvolatile memory carried in the semiconductor memory 
which drawing 31 requires for the gestalt of operation of the 6th of this invention, and drawing 32 are flie cross sections 
showing the memory cell structure of the volatile memory carried in the semiconductor memory concerning the gestalt 
of operation of the 6th of this invention. The nonvolatile memory of drawing 31 and the volatile memory of drawing 32 
are loaded together on the same chip. 

[0059] (A) As shown in nonvolatile memory drawing 31 , the memory cell of the nonvolatile memory concerning the 
gestalt of this 6th operation consists of n mold MOS transistors. And with the memory cell structure of this nonvolatile 
memory, the 2nd gate insulator layer 14 is formed through the 1st gate insulator layer 13 on the principal plane of the p 
type semiconductor substrate 1. TTie charge accumulation layer 4 (4a, 4b) is formed in the ends of the 2nd gate insulator 
layer 14. On the 2nd gate insulator layer 14 and the charge accumulation layer 4, the gate electrode 3 is formed through 
the 3rd gate insulator layer IS. The sidewall spacer 9 is formed in the side of the gate electrode 3 through an oxide film 
16, and n-mold diffusion layer 10 of the low high imp\irity concentration which touches a channel field, and n+ mold 
diffusion layer 1 1 of the high high impurity concentration located in the outside of this n-mold diffusion layer 10 are 
formed in the principal plane of the p type semiconductor substrate 1 of the lower part of this sidewall spacer 9. the gate 
electrode 3 and n+ mold diffusion layer 1 1 ~ a conductive layer 12 is formed in each fi-ont face. 
[0060] The memory cell of the nonvolatile memory concerning the gestalt of operation of the 6th of this invention has 
the LDD structure which constituted the source field and the drain field fi-om an n-mold diffusion layer 10 of low high 
impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. And it consists of three- 
layer cascade screens which a gate insulator layer turns into fi^om the 1st gate insulator layer 13 (lower layer), the 2nd 
gate insulator layer 14 (interlayer), and the 3rd gate insulator layer 15 (upper layer), and the charge accumxdation layer 4 
(4a, 4b) is formed in the both ends of the 2nd gate insulator layer 14. An electron is accumulated in these two charge 
accumulation layers 4a and 4b. That are recording condition (1) charge accumulation layer 4a, All of 4b can take the 
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condition which is not accumulating the electron, the condition that only (2) charge accumulation layer 4a is 
accumulating the electron, the condition that only (3) charge accumulation layer 4b is accumulating the electron, and 
four conditions of condition ** that (4) charge accumulation layers 4a and 4b are accumulating the electron. A changed 
part of the threshold voltage produced by the existence of the electron held in these two charge accumulation layers 4a 
and 4b is made to correspond to "00" of storage information, "01", "10", and "11." Moreover, with this memory cell 
structure, since the charge accumulation layer 4 is located above the channel field edge, the threshold voltage of a 
channel field center section is decided only by high impurity concentration of a channel field, and it does not depend for 
it on the are recording condition of the electron of the charge accumulation layer 4. Therefore, fault elimination (over- 
erase) by the excess and deficiency of the electron of the charge accumulation layer 4 is prevented, and ceinnot produce 
the poor leak which originates in fault elimination by that cause, a poor program, and poor read-out Moreover, the 
leakage current between a source field and a drain field can be controlled only with gate voltage, and can realize highly 
reliable nonvolatile memory. What is necessary is for the charge accumulation layer 4 just to consist of high silicon 
nitrides of the charge storage capacity by the CVD method. It is because the charge maintenance property of being hard 
to receive effect in the membraneous quality of a lower insulator layer can be acquired by accumulating an electron in 
the discrete charge trapping level of a silicon nitride. Moreover, if constituted fi*om a silicon film and a polycrystalline 
silicon film, it can manufacture cheaply. Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 
15 are constituted fi"om a silicon nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] 
dielectric constant, silicon oxide conversion thickness can stabilize for it and realize the very thin gate insulator layer 
which is 4nm - about 1 Inm. For example, since the real thickness of the silicon nitride whose silicon oxide conversion 
thickness is 5nm is about lOnm, induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voltage 
at the time of electronic impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell 
but detailed-ization of a circxmiference high-tension actuation element of it is attained. 

[0061] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted firom a memory cell of the nonvolatile memory 
concerning the gestalt of operation of tfie 6th of this invention, a source field and a drain field may consist of single 
drain structure and double drain structure. Although the 2nd gate insulator layer 14 prevents leak between charge 
accumulation layer 4a-4b, it can consist of silicon oxide, for example. Moreover, if the metal oxide film which has a 
high dielectric constant is used for the 2nd gate insulator layer 14, the current transfer characteristics of the center of a 
channel field can be improved. As a metal oxide film, there are Ti02, Ta 205, al\miinun[i205, and PZT and SBT. 
[0062] Next, actuation of the non-volatile semiconductor memory concerning the gestalt of operation of the 6th of this 
invention is explained using drawing 33 and drawing 34 . Drawing 33 is the cross section of the nonvolatile memory 
explaining write-in actuation. Drawin g 34 is the cross section of the nonvolatile memory explaining elimination 
actuation. As shown in drawing 33 , at the time of the writing of a memory cell, about 7-8V is impressed to Gate G, 
about 5V is impressed to Drain D, respectively, and Source S is groxmded. Thus, voltage is impressed and an electron is 
poured into charge accumulation layer 4b by the side of a drain field with a channel thermoelectron (CHE), the case 
where an electron is poured into charge accumulation layer 4b by the side of a source field — Drain D and Source S — 
what is necessary is to be alike, respectively and just to replace the voltage to impress with the above On the other hand, 
as shown in drawing 34 , elimination of a memory cell impresses negative voltage (- -5 V) to Gate G, and is performed 
by drawing out an electron firom the charge accumulation layers 4a and 4b using Fowlo: Nordheim (FN) mold tunnel 
current. Moreover, when Gate G is shared by two or more memory cells, an electron can be simultaneously drawn out 
fi-om those memory cells. In this case, what is necessary is just to let Source S and Drain D be the p type semiconductor 
substrate 1 and this potential. Moreover, it is also possible to impress different positive voltage firom the potential of the 
p type semiconductor substrate 1 to a drain electrode, and to draw out an electron for a source electrode only fi-om 
charge accumulation layer 4b by the side of floating potential (Floating), then a drain electrode. What is necessary is to 
impress positive voltage to a source electrode, in drawing out an electron only fi-om charge accumulation layer 4a by the 
side of a source electrode, and just to let a drain electrode be floating potential. 

[0063] The writing of a memory cell can also be performed like elimination of a memory cell using FN current About 
lOV is impressed between Gate G and the p type semiconductor substrate 1, and an electron is poured into the charge 
accumulation layers 4a and 4b with FN cxirrent. In this case, an electron can be simultaneously injected into two or more 
memory cells in which Gate G is common. 

[0064] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Source S and Drain D should just 
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choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four diiferent current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0065] (B) As shown in volatile memory drawing 32 , the memory cell of the volatile memory concerning the gestalt of 
operation of the 6th of this invention consists of n mold MOS transistors. With the memory cell structure of this volatile 
memory, the 2nd gate insulator layer 14 of drawing 3 1 is directly arranged on the principal plane of the p type 
semiconductor substrate 1. And although the charge accumulation layer 4 (4c, 4d) is formed in the ends of the 2nd gate 
insulator layer 14 like the nonvolatile memory of drawing 3 1 , it differs from the nonvolatile memory of drawing 31 in 
that these charge accimiulation layers 4c and 4d are arranged on the principal plane of the p type semiconductor 
substrate 1 through the tunnel insulator layer 23. On the 2nd gate insulator layer 14 and the charge accumulation layer 4, 
the gate electrode 3 is formed through the 3rd gate insulator layer 15. The sidewall spacer 9 is formed in the side of the 
gate electrode 3 through an oxide film 16, and n-mold diffusion layer 10 of the low high impurity concentration which 
touches a channel field, and n+ mold diffusion layer 11 of the high high impurity concentration located in the outside of 
this n-mold diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 of the lower part 
of this sidewall spacer 9. the gate electrode 3 and n-i- mold diffusion layer 1 1 — a conductive layer 12 is formed in each 
front face. 

[0066] The memory cell of the volatile memory concerning the gestalt of operation of the 6th of this invention has the 
LDD structure which constituted the source field and the drain field from an n-mold diffusion layer 10 of low high 
impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. And a gate insulator 
layer consists of the 2nd gate insulator layer 14, a tunnel insulator layer 23, and the 3rd gate insulator layer 15, and the 
charge accumulation layer 4 is formed in the both ends of the 2nd gate insulator layer 14. An electron is accumulated in 
these two charge accumulation layers 4c and 4d. That are recording condition (1) charge accumulation layer 4c, 4d all 
can take four conditions of the condition which is not accimiulating the electron, the condition that only (2) charge 
accumulation layer 4c is accumulating the electron, the condition that only 4d of (3) charge accumulation layers is 
accumulating the electron, (4) charge accumulation layer 4c, and condition ♦* that is accumulating both 4d of electrons. 
A changed part of the threshold voltage produced by the existence of the electron held in these two charge accumulation 
layers 4c and 4d is made to correspond to "00" of storage information, "01", "10", and "11." Moreover, with this 
memory cell structure, since the charge accumulation layer 4 is located above the channel field edge, the threshold 
voltage of a channel field center section is decided only by high impurity concentration of a channel field, and it does 
not depend for it on the are recording condition of the electron of the charge accumulation layer 4. Therefore, fault 
elimination (over-erase) by the excess and deficiency of the electron of the charge accumulation layer 4 is prevented, 
and cannot produce the poor leak which originates in fault elimination by that cause, a poor program, and poor read-out. 
Moreover, the leakage current between a source field and a drain field can be controlled only with gate voltage, and can 
realize hi^y reliable volatile memory. What is necessary is for the charge accumulation layer 4 just to consist of high 
silicon nitrides of the charge storage capacity by the CVD method. It is because the charge maintenance property of 
being hard to receive effect in the membraneous quality of a lower insulator layer can be acquired by accumulating an 
electron in the discrete charge trapping level of a silicon nitride. Moreover, if constituted fi-om a silicon film and a 
polycrystalline silicon film, it can manufacture cheaply. Furthermore, if the 3rd gate insulator layer 15 is constituted 
fi-om a silicon nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric constant, silicon 
oxide conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 4nm - about 1 Inm. 
For example, since the real thickness of the silicon nitride whose silicon oxide conversion thickness is 5nin is about 
lOnm, induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voltage at the time of electronic 
impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but detailed-ization of a 
circumference high-tension actuation element of it is attained. 

[0067] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted fi^om a memory cell of the volatile memory concerning 
the gestalt of operation of the 6th of this invention, a source field and a drain field may consist of single drain structure 
and double drain structure. Although the 2nd gate insulator layer 14 prevents the leak for charge accumulation layer 4c- 
4d, it can consist of silicon oxide, for example. Moreover, if the metal oxide film which has a high dielectric constant is 
used for the 2nd gate insulator layer 14, the current transfer characteristics of the center of a channel field can be 
improved. As a metal oxide film, there are Ti02, Ta 205, alviminum205, and PZT and SBT, 

[0068] In the volatile memory concerning the gestalt of operation of the 6th of this invention, the tuimel insulator layer 
23. is arranged in the charge accumulation layers [ 4c and 4d ] lower part. The tunnel insulator layer 23 consists of 
silicon oxide of a thin film which has the thickness in which direct tunneling is possible, and makes possible read-out 
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write-in [ high-speed ] in 1 00 or less ns required of a dynamic RAM. When the tunnel insulator layer 23 is constituted 
from silicon oxide, the thickness is just 3nm or less. Moreover, if constituted from a silicon nitride 3nm or less, silicon 
oxide conversion thickness can stabilize for it and realize the very thin gate insulator layer which is about 1 ,5nm. Since 
the electrons accumulated in the charge accumulation layer 4 by the leakage current through the tunnel insulator layer 
23 decrease in number gradually, prolonged data-hold is difficult in practice. However, re-writing is possible enoug^i 
within the refresh period of the usual dynamic RAM, and I think that it is satisfactory at all in actuation as a dynamic 
RAM. This is shown to 1995IEDM digest p.867 by C.H-J.Wann and others. 

[0069] Reading of a memory cell is performed by detecting the read-out current which flows between a source electrode 
and drain electrodes. It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irreguleir according to a charge accumulation layers [ 4c and 4d ] are recording condition. To 
which bias shall be carried out between a source electrode and a drain electrode should just choose the direction where 
the modulation of current transfer characteristics appears notably. According to four charge accumulation layers [ 4c 
and 4d ] are recording conditions, four different current transfer characteristics are acquired and, thereby, the 
information for 2 bits can be memorized in one cel. 

[0070] Fxirthermore, if the volatile memory concerning the gestalt of operation of the 6th of this invention does not pour 
a charge into the charge accumulation layers 4c and 4d, it is possible to make it operate as a usual MOS transistor. 
[0071] (C) Explain the manufacture method of the memory cell of the nonvolatile memory concerning the manufacture 
method of a non-volatile and volatile mixed-loading memory, next the gestalt of operation of the 6th of this invention, 
and volatile memory using dr awing 35 thru/or drawin g 43 and drawin g 44 thru/or drawing 52 . The cross section, 
drawing 44 , or drawing 52 which shows the manufacture method of the nonvolatile memory which drawing 35 thru/or 
drawing 43 require for the gestalt of operation of the 6th of this invention is the cross section showing the manufacture 
method of the volatile memory concerning the gestalt of operation of the 6th of this invention. 

[0072] As first shown in drawin g 35 and drawin g 44 , the small silicon nitride of charge storage capacity is deposited all 
over p type semiconductor substrate 1, and the about lOnm 1st gate insulator layer 13 is formed. The nonvolatile 
memory formation field of drawing 35 is removed by the photoresist after 1 st gate insulator layer 13 formation by the 
wet etching [ insulator layer / 13 / of a bonnet and the volatile memory formation field of drawing 44 / 1 st gate ] method 
for example, using a heating phosphoric acid solution. Therefore, the 1st gate insulator layer 13 is formed only in the 
nonvolatile memory formation field of drawing 35 . Deposition of the small silicon nitride of charge storage capacity is 
performed for example, by the JVD method. 

[0073] Next, as shown in dr awin g 36 and drawing 45 , silicon oxide is deposited all over p type semiconductor substrate 
1 with a CVD method, and the about 5-lOnm 2nd gate insulator layer 14 is formed. Then, the small silicon nitride of 
charge storage capacity is deposited by the AD method, and the about lOnm 3rd gate insulator layer 15 is formed. After 
all, the 1st, 2nd, and 3rd gate insulator layers 13, 14, and 15 are formed in the nonvolatile memory formation field of 
drawing 36 , and the 2nd and 3rd gate insulator layers 14 and 15 are formed in the volatile memory formation field of 
drawing 45 . 

[0074] next, it is shown in drawing 37 and d rawing 46 — as — the p type semiconductor substrate 1 whole surface — 
LPCVD — after depositing the about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by 
law, patterning is carried out with exposure technology and etching technology, and the gate electrode 3 is formed. 
Then, in the nonvolatile memory formation field of drawing 37 , dry etching of the 1st gate insulator layer 13, the 
surface 2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the p type semiconductor substrate 1 of 
the field which forms a source field and a drain field is carried out in self align by using the gate electrode 3 as a mask. 
On the other hand, in the volatile memory formation field of drawing 46 , dry etching of the 2nd gate insulator layer 14 
and the 3rd gate insulator layer 15 is carried out in self align. 

[0075] Next, as shown in drawing 38 and drawing 47 , the space 17 for charge accumulation layer formation is formed. 
This space 17 is formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 selectively using an 
etching reagent with the larger etch rate of the 2nd gate insulator layer 14 than the 1st gate oxide 13 and the 3rd gate 
insulator layer 15. The space 17 for charge accumulation layer formation of the space 17 for charge accumulation layer 
formation of the nonvolatile memory formation field of drawing 38 and the volatile memory formation field of drawing 
47 is formed simultaneously. What is necessary is just to use for example, a fluoric acid system as an etching reagent 
with the gestalt of operation of the 6th of this invention, since the 1st gate oxide 13 and the 3rd gate insulator layer 15 
are constituted fi^om a silicon nitride and the 2nd gate insulator layer 14 is constituted firom silicon oxide. Moreover, this 
space 17 may be formed by the plasma dry etching method using the gas which changes to the wet etching method 
which used the etching reagent, and contains HF gas. 

[0076] Next, as shown in drawing 39 and drawing 48 , it oxidizes by the RTO method and the tunnel insulator layer 23 
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which cx)nsists of the silicon oxide which can be tunneled direct is formed for the p type semiconductor substrate 1 
whole surface. 

[0077] next, it is shown in drawing 40 and drawing 49 ~ as - the p type semiconductor substrate 1 whole surface ~ 
LPCVD — it deposits so that the space 17 for charge accumulation layer formation may be thoroughly embedded by law 
in the high silicon nitride 1 8 of charge storage capacity. And as shown in drawing 41 and drawing 50 , anisotropic 
etching by RIE is performed to the p type semiconductor substrate 1 whole surface, and the charge accumulation layer 4 
(4a, 4b, 4c, 4d) which consisted of hi^ silicon nitrides of charge storage capacity is formed simultaneously. 
[0078] Next, as shown in drawing 42 and drawing 51 , after forming an oxide film 16 all over p type semiconductor 
substrate 1, n-mold diffusion layer 10 of low high impurity concentration is formed. It forms by activating the impiuity 
which n«mold diffusion layer 10 used the gate electrode 3 as the mask with ion-implantation technology, poured in n 
mold impurity, and was poured in by subsequent heat treatment. 

[0079] Next, as shown in drawing 43 and drawing 52 , after forming the sidewall spacer 9 in the side attachment wall of 
the gate electrode 3, n+ mold diffusion layer 1 1 of hi^ high impurity concentration is formed. It forms by activating the 
impurity which n+ mold diffusion layer 1 1 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in n mold impurity, and was poured in by subsequent heat treatment. 
[0080] and the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate l,.then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere ~ the gate electrode 3 and n+ mold diffusion layer 11 — the conductive layer 12 
which consists of refi'actory metal silicide is formed in each fi-ont face. After conductive layer 12 formation, if the 
unreacted refi'actory metal which remained in fields other than the above is removed, the memory cell structure of the 
volatile memory shown in the nonvolatile memory shown in drawing 31 and drawing 32 will be completed. 
[0081] In addition, although a graphic display is not carried out, the semiconductor device which carried final 
nonvolatile memory and volatile memory is completed after memory cell structure completion of drawing 31 and 
drawing 32 through the usual CMOS manufacturing processes, such as an interlayer insulation film formation process, a 
contact hole formation process, a wiring formation process, and a passivation film formation process, one by one. 
[0082] Thus, with the gestalt of the 6th operation of this invention, the charge accumulation layer 4 (4a, 4b, 4c, 4d) can 
be formed in the lower part of the ends of the gate electrode 3 in self align. Therefore, detailed-ization of the direction of 
gate length of drawing 3 1 and the memory cell transistor of drawing 32 is attained. Thereby, the nonvolatile memory 
and volatile memory of large capacity and high density can be offered. Moreover, the eel area per bit is mostly reduced 
by half compared with the former, and the nonvolatile memory and volatile memory which were reduced substantially 
can be realized. 

[0083] The width of face of the direction of charmel length of the charge accumulation layer 4 is easily controllable by 
accommodation of the etching speed difference of the p type semiconductor substrate 1, tiie 1st gate insulator layer 13 
and the 3rd gate insulator layer 15, and the 2nd gate insulator layer 14, and etching time. Thereby, the charge 
accumulation layer 4 can be arranged to the symmetry. And since the 2nd gate insulator layer 14 dissociates thoroughly 
electrically between the charge accxmiulation layers 4, the interaction between the charge accumulation layers 4 does not 
happen. Furthermore, fi-om a source field, a drain field, the gate electrode 3, and a chaimel field, since it is thoroughly 
insulated with the 1st insulator layer 13, tvmnel insulator layer 23, 3rd insulator layer 15, and oxide film 1 6, the charge 
accumulation layer 4 can offer the nonvolatile memory and volatile memory which were excellent in the charge 
maintenance property. It is extended and formed in the direction of a chaimel field fi-om the edge of the gate electrode 3, 
and the charge accimiulation layer 4 is current transfer-characteristics ********** of a memory cell by the charge 
storage condition of the portion by the side of the channel field of the charge accxmiulation layers 4. Therefore, if the 
gate length lay length of this portion is reduced to a limit, more detailed nonvolatile memory and volatile memory can 
beoffiered. 

[0084] Since the cellular structure is easily realizable at the usual CMOS process, nonvolatile memory and volatile 
memory can be inanufactured by low cost using the existing production line. 

[0085] Furthermore, since the greater part of the manufacturing process is conmiunalized, it is low cost, and above- 
mentioned nonvolatile memory and volatile memory are a short manufacture construction period, and can manufacture 
the semiconductor device consolidated with nonvolatile memory and volatile memory. 

[0086] In addition, with the gestalt of operation of the 6th of this invention, although a silicon nitride and the 2nd gate 
insulator layer 14 are constituted fi-om silicon oxide and the 3rd gate insulator layer IS is constituted for the 1st gate 
insulator layer 13 firom a silicon nitride, silicon oxide and the 2nd gate insulator layer 14 may be consisted of fix>m a 
silicon nitride, and the 3rd gate insulator layer 15 may consist of silicon oxide for the 1st gate insulator layer 13. In this 
case, the 1st gate insulator layer 13 consists of about lOiun silicon oxide which oxidized thermally the p type 
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semiconductor substrate 1. the 2nd gate insulator layer 14 ~ JVD - it constitutes from a low silicon nitride of the about 
5-1 Onm charge storage capacity deposited by law. What is necessary is for the 3rd gate insulator layer 15 just to consist 
of about lOnm silicon oxide deposited with the CVD method. Moreover, since formation of the space 17 for charge 
accumulation layer fomiation constitutes the 1st gate oxide 13 and the 3rd gate insulator layer 15 from silicon oxide and 
constitutes the 2nd gate insulator layer 14 from a silicon nitride, it should just use for example, a phosphoric-acid system 
as an etching reagent. 

[0087] (Gestalt of the 7th operation) Next, the gestalt of operation of the 7th of this invention is explained, the gestalt of 
this 7th operation shows the example which writes in electrically, writes in and carries out reading appearance to 
^ eliminable nonvolatile memory and an eliminable high speed like the gestah of the 6th operation of the above, and 
realizes possible volatile memory on the same chip. The cross section showing the memory cell structure of the 
nonvolatile memory carried in the semiconductor memory which drawing 53 requires for the gestalt of operation of the 
7th of this invention, and drawing 54 are the cross sections showing the memory cell structure of the volatile memory 
carried in the semiconductor memory concerning the gestalt of operation of the 7th of this invention. The nonvolatile 
memory of drawing 53 and the volatile memory of drawing 54 are loaded together on the same chip. Since it is the same 
as that of the gestalt of the 6th operation of the above about the nonvolatile memory shown in drawing 53 , the 
explanation is omitted here. 

[0088] As shown in drawing J„4 , the memory cell of the volatile memory concerning the gestalt of this 7th operation 
consists of n mold MOS transistors. And with the memory cell structure of this volatile memory, charge accumulation 
layer 4e is arranged through the tunnel insulator layer 23 on the principal plane of the p type semiconductor substrate 1. 
On charge accumulation layer 4e, the gate electrode 3 is formed through the 4th gate insulator layer 24. The sidewall 
spacer 9 is formed in the side of the gate electrode 3 through an oxide film 16, and n-mold diffusion layer 10 of the low 
high impxirity concentration which touches a channel field, and n+ mold diffusion layer 1 1 of the higji high impurity 
concentration located in the outside of this n-mold diffusion layer 10 are formed in the principal plane of the p type 
semiconductor substrate 1 of the lower part of this sidewall spacer 9. the gate electrode 3 and n+ mold diffusion layer 1 1 
~ a conductive layer 12 is formed in each fix>nt face. 

[0089] The memory cell of the volatile memory concerning the gestalt of operation of the 7th of this invention has the 
LDD structure which constituted the source field and the drain field fi-om an n-mold diffusion layer 10 of low high 
impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. And it consists of 
laminated structures to which a gate insulator layer changes fi-om the turmel insulator layer 23 and the 4th gate insulator 
layer 21, and charge accumulation layer 4e is arranged between the tuimel insulator layer 23 and the 4th gate insulator 
layer 24. An electron is accumulated in this charge accvimulation layer 4e, and a changed part of the threshold voltage 
produced by the existence of the electron held at this charge accumulation layer 4e is made to correspond to "0" of 
storage information, and "1." What is necessary is for charge accumulation layer 4e just to consist of high silicon 
nitrides of the charge storage capacity by the CVD method. It is because the charge maintenance property of being hard 
to receive effect in the membraneous quality of a lower insulator layer can be acquired by accumulating an electron in 
the discrete charge trapping level of a silicon nitride. Moreover, if constituted from a silicon film and a polycrystalline 
silicon film, it can manufacture cheaply. Furthermore, if the 4th gate insulator layer 24 is constituted fix>m a silicon 
nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric constant, silicon oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 4nm - about 1 Imn. For 
example, since the real thickness of the silicon nitride whose silicon oxide conversion thickness is 5nm is about lOimi, 
induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voltage at the time of electronic 
impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but detailed-ization of a 
circumference high-tension actuation element of it is attained. 

[0090] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted from a memory cell of the volatile memory concerning 
the gestalt of operation of the 7th of this invention, a source field and a drain field may consist of single drain structure 
and double drain structure. 

[0091] In the volatile memory concerning the gestalt of operation of the 7th of this invention, the tunnel insulator layer 
23 is arranged in the lower part of charge accumulation layer 4e, The tunnel insulator layer 23 consists of silicon oxide 
of a thiri film which has the thickness in which direct tunneling is possible, and read-out write-in [ high-speed ] of it in 
100 or less ns required of a dynamic RAM becomes possible. When the tunnel insulator layer 23 is constituted from 
silicon oxide, the thickness is just 3nm or less. Moreover, if constituted fi-om a silicon nitride 3nm or less, silicon oxide 
conversion thickness can stabilize for it and realize the very thin tuimel insulator layer 23 which is about 1 .5nm. 
[0092] Furthermore, if the volatile memory concerning the gestalt of operation of the 7th of this invention does not pour 
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a charge into charge accumulation layer 4e, it is possible to also make it operate as a usual MOS transistor. 
[0093] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of the 7th of this invention and volatile memory is explained using dra wing 55 thru/or drawing 62 and draw ing 63 
thru/or drawin g 70 . The cross section, drawing 63 , or dr awing 70 which shows the manufacture method of the 
nonvolatile memory which drawin g 55 thru/or drawing 62 require for the gestalt of operation of the 7th of this invention 
is the cross section showing the manufacture method of the volatile memory conceming the gestalt of operation of the 
7th of this invention. 

[0094] As first shown in drawing 55 and drawing 63 , the small silicon nitride of charge storage capacity is deposited all 
over p type semiconductor substrate 1, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small 
silicon nitride of charge storage capacity is performed for example, by the JVD method. Silicon oxide is deposited with 
a CVD method after 1st gate insulator layer 13 formation, and the about 5-lOrmi 2nd gate insulator layer 1 4 is formed. 
Then, the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about 1 Onm 3rd gate 
insulator layer 1 5 is formed. 

[0095] next, it is shown in drawing 56 and drawing 64 — as — the p type semiconductor substrate 1 whole surface ~ 
LPCVD — after depositing the about 50-250nm polycrystalline sihcon film which doped n mold or p mold impurity by 
law, in the nonvolatile memory formation field of drawing 56 , patteming is carried out with exposure technology and 
etching technology, and the gate electrode 3 is formed. Then, dry etching of the 1st gate insulator layer 13, the surface 
2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the p type semiconductor substrate 1 of the 
field which forms a source field and a drain field by using the gate electrode 3 as a mask is carried out in self align. In 
the volatile memory formation field of drawing 64 , a polycrystalline silicon film, the 1st gate insulator layer 13, the 2nd 
gate insulator layer 14, and the 3rd gate insulator layer 15 are removed altogether, and p type semiconductor substrate 1 
fi"ont face exposes them. 

[0096] Next, as shown in drawing 57 , in a nonvolatile memory formation field, the space 17 for charge accumulation 
layer formation is formed. TThe space 17 for this charge accumulation layer formation is formed by carrying out wet 
etching of the edge of the 2nd gate insulator layer 14 selectively using an etching reagent with the larger etch rate of tiie 
2nd gate insulator layer 14 than the 1st gate oxide 13 and the 3rd gate insulator layer 15. What is necessary is just to use 
for example, a fluoric acid system as an etching reagent with the gestalt of operation of the 7th of this invention, since 
the 1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted fi-om a silicon nitride and the 2nd gate insulator 
layer 14 is constituted fi-om silicon oxide. Moreover, the space 17 for charge accumulation layer series formation may 
be formed by the plasma dry etching method using the gas which changes to the wet etching method which used the 
etching reagent, and contains HF gas. On the other hand, as shown in drawing 65 , in the volatile memory formation 
field, the fi-ont face of the p type semiconductor substrate 1 has been exposed. 

[0097] next, it is shown in d rawing 58 and drawing 66 — as - the p type semiconductor substrate 1 whole sxirface — for 
example, RTO ~ the tunnel insulator layer 23 which is alike with law and consists of the silicon oxide which can be 
tunneled direct is formed, after tunnel insulator layer 23 formation and the p type semiconductor substrate 1 whole 
surface - LPCVD - the high silicon nitride 18 of charge storage capacity is deposited by law. At this time, the space 17 
for charge accumulation layer formation is thoroughly embedded by the silicon nitride 1 8. And as shown in drawing 59 , 
in a nonvolatile memory formation field, anisotropic etching by RIE is performed to the p type semiconductor substrate 
1 whole surface, and the charge accumulation layer 4 (4a, 4b) which consisted of high silicon nitrides 18 of charge 
storage capacity is formed. In that case, the volatile memory formation field of drawing 67 is covered by the photoresist, 
and the silicon nitride 1 8 is not etched. 

[0098] Silicon oxide is deposited all over p type semiconductor substrate 1 after etching termination of the silicon 
nitride 18, and the 4th gate insulator layer 24 is formed. Here, the 4th gate insulator layer 24 of the nonvolatile memory 
formation field of drawing 59 is removed. The clearance is performed by etching the 4th gate insulator layer 24 which 
deposited the volatile memory formation field of drawing 67 on the bonnet and the nonvolatile memory formation field 
of drawing 59 in the photoresist. 

[0099] next, it is shown in drawing 68 - as — the p type semiconductor substrate 1 whole surface — LPCVD — the about 
50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law is deposited. And patteming of 
the polycrystalline silicon film is carried out wiA exposure technology and etching technology, and gate electrode 3a is 
formed. Then, dry etching of the tuimel insulator layer 23 of ihe fi-ont face of the p type semiconductor substrate 1 of the 
field which forms a source field and a drain field, charge accvmiulation layer 4e, and the 4th gate insulator layer 24 is 
carried out in self align by using gate electrode 3a as an etching mask. On the other hand, in a nonvolatile memory 
formation field, as shown in drawing 60 , all polycrystalline silicon fihns may be removed, patteming may be carried 
out according to the gate electrode 3, and a new gate electrode may be formed. 
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[0100] Next, as shown in drawing 61 and drawing 69 , after forming an oxide film 16 all over p type semiconductor 
substrate 1, n-mold diflfusion layer 10 of low high impurity concentration is formed. It forms by activating the impurity 
which n-mold diffusion layer 10 used the gate electrode 3 as the mask with ion-implantation technology, poured in n 
mold impurity, and was poured in by subsequent heat treatment. 

[0101] Next, as shown in drawing 62 and drawing 70 , after forming the sidewall spacer 9 in the side attachment wall of 
the gate electrode 3, n+ mold diffusion layer 1 1 of higji high impurity concentration is formed. It forms by activating the 
impxirity which n+ mold diffusion layer 1 1 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in n mold impurity, and was poured in by subsequent heat treatment. . 
[0102] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate 1, then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere — the gate electrode 3 and n+ mold diffusion layer 1 1 — the conductive layer 12 
which consists of refractory metal silicide is formed in each front face. After conductive layer 12 formation, if the 
unreacted refractory metal which remained in fields other than the above is removed, the memory cell structure of the 
volatile memory shown in the nonvolatile memory shown in drawing S3 and drawing 54 will be completed. 
[0103] Althou^ a graphic display is not carried out, a final non- volatile memory cell and an volatile memory cell are 
completed after memory cell structure completion of drawing 53 and drawing 54 through the usual CMOS 
manufacturing processes, such as an interlayer insulation film formation process, a contact hole formation process, a 
wiring formation process, and a passivation film formation process, one by one. 

[0104] With the gestalt of operation of the 7th of this invention, although a silicon nitride and the 2nd gate insulator 
layer 14 are constituted from silicon oxide and the 3rd gate insulator layer 15 is constituted for the 1st gate insulator 
layer 13 from a silicon nitride, silicon oxide and the 2nd gate insulator layer 14 may be consisted of from a silicon 
nitride, and the 3rd gate insulator layer 15 may consist of silicon oxide for the 1st gate insulator layer 13. In this case, 
the 1 St gate insulator layer 13 consists of about lOnm silicon oxide which oxidized thermally the p type semiconductor 
substrate 1. the 2nd gate insulator layer 14 — JVD — it constitutes from a low silicon nitride of the about 5-lOnm charge 
storage capacity deposited by law. What is necessary is for the 3rd gate insulator layer 15 just to consist of about lOnm 
silicon oxide deposited with the CVD method. Moreover, since formation of the space 17 for charge accumulation layer 
formation constitutes the 1st gate oxide 13 and the 3rd gate insulator layer 15 from silicon oxide and constitutes the 2nd 
gate insulator layer 14 from a silicon nitride, it should just use for example, a phosphoric-acid system as an etching 
reagent. 

[0105] Although both the memory cells of nonvolatile memory and volatile memory explained the example which 
consists of n mold MOS transistors with the gestalt of the 6th and operation of the 7th of this invention, of course, you 
may be the memory cell of p mold MOS transistor of a reverse conductivity type. In this case, what is necessary is just 
to read the electric conduction type of a substrate or a diffusion layer as a reverse thing suitably in the above-mentioned 
explanation. 

[0106] (Gestalt of the 8th operation) Next, the gestalt of operation of the 8th of this invention is explained. With the 
gestalt of the above-mentioned 1 st thru/or the 7th operation, the structure of a charge accumulation layer does not 
contribute to improvement in electronic injection efficiency directly. In the non- volatile semiconductor memory of 
floating-gate structure, a level difference is prepared in a channel portion and the attempt which raises electronic 
injection efficiency is proposed (S. Ogura, 1998IEDM, p987. United States Patent ntimber No. 5780341), However, in 
order to adopt floating-gate structure by this proposal, to the defect and leak site in an oxide film, it is weak. Moreover, 
there is a possibility that sufficient reliability cannot be acquired, also to the defect which may be generated at the time 
of level difference structure formation. The gestalt of operation of the 8th of this invention is an easy process, and can 
raise electronic injection efficiency. 

[0107] Drawing 71 is the cross section showing the memory cell structure of the non- volatile semiconductor memory 
concerning the gestalt of operation of the 8th of this invention. The gestalt of this 8th operation is establishing a level 
.difference and dip in the channel field of a memory cell, and aims at improvement in the electronic injection efficiency 
at the time of writing. As shown in drawing 71 , this memory cell consists of n mold MOS transistors. And with the 
structure of the memory cell concerning the gestalt of this 8th operation, the 2nd gate insulator layer 14 is formed in the 
fi-ont face of the p type semiconductor substrate 1 through the 1st gate insulator layer 13. The charge accxmiulation 
layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 14. On the 2nd gate insulator layer 14 and charge 
accumulation layer 4a, and 4b, the gate electrode 3 is formed through the 3rd gate insulator layer 15. The sidewall 
spacer 9 is formed in flie side of the gate electrode 3 through an oxide film 16, and n-mold diffusion layer 10 of the low 
high impurity concentration which touches a channel field, and n+ mold diffusion layer 1 1 of the high higJi impurity 
concentration located in the outside of this n-mold diffusion layer 10 are formed in the p type semiconductor substrate 1 
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of the lower part of this sidewall spacer 9. the gate electrode 3 and n+ mold diffusion layer 1 1 - a conductive layer 12 is 
formed in each front face. 

[0108] Furthermore, with the memory cell structure of the non-volatile semiconductor memory concerning the gestalt of 
operation of the 8th of this invention, a level difference 26 is formed in the channel field 25. With this level difference 
26, the charge accumulation layer 4 will be located in the dispersion direction of the electron in the p type 
semiconductor substrate 1 . Therefore, the injection efficiency of the electron at the time of writing improves. 
[0109] The memory cell of the non- volatile semiconductor memory concerning the gestalt of operation of the 8th of this 
invention has the LDD structure which constituted the source field and the drain field from an n-mold diffusion layer 10 
of low high impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. And it 
consists of three-layer cascade screens which a gate insulator layer turns into from the 1st gate insulator layer 13 (lower 
layer), the 2nd gate insulator layer 14 (interlayer), and the 3rd gate insulator layer 15 (upper layer), and the charge 
accumulation layers 4a and 4b are formed in the both ends of the 2nd gate insulator layer 14. An electron is accumulated 
in these two charge accumulation layers 4a and 4b. That are recording condition (1) charge accumulation layer 4a, All 
of 4b can take the condition which is not accumulating the electron, the condition that only (2) charge accumulation 
layer 4a is accumulating the electron, the condition that only (3) charge accumulation layer 4b is accumulating the 
electron, and foiir conditions of condition ** that (4) charge accumulation layers 4a and 4b are accumulating the 
electron. A changed part of the threshold voltage produced by the existence of the electron held in these two charge 
accumulation layers 4a and 4b is made to correspond to "00" of storage information, "01", "10", and "1 1 Moreover, 
with this memory cell structure, since the charge accumulation layers 4a and 4b are located above the channel field 
edge, the threshold voltage of a channel field center section is decided only by high impurity concentration of a channel 
field, and they do not depend for it on the are recording condition of the electron of the charge accumulation layers 4a 
and 4b. Therefore, fault elimination (over-erase) by the excess and deficiency of the electron of the charge accimiulation 
layers 4a and 4b is prevented, and cannot produce the poor leak which originates in fault elimination by that cause, a 
poor program, and poor read-out. Moreover, the leakage current between a source field and a drain field can be 
controlled only with gate voltage, and can realize highly reliable non-volatile semiconductor memory. What is necessary 
is for the charge accumulation layers 4a and 4b just to consist of high silicon nitrides of the charge storage capacity by 
the CVD method. It is because the charge maintenance property of being hard to receive effect in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron in the discrete charge trapping level of a 
silicon nitride. Moreover, if constituted fi-om a silicon film and a polycrystalline silicon film, it can manufacture 
cheaply. Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted from a silicon 
nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric constant, silicon oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 4nm - about 1 Iran. For 
example, since the real thickness of flie silicon nitride whose silicon oxide conversion thickness is 5nm is about lOnm, 
induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voltage at the time of electronic 
impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but detailed-ization of a 
circumference high-tension actuation element of it is attained. 

[01 10] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted fi"om a memory cell of the non-volatile semiconductor 
memory conceming the gestalt of operation of the 8th of this invention, a source field and a drain field may consist of 
single drain structure and double drain structure. Although the 2nd gate insulator layer 14 prevents leak between charge 
accumulation layer 4a-4b, it can consist of silicon oxide, for example. Moreover, if the metal oxide film which has a 
high dielectric constant is used for the 2nd gate insulator layer 14, the current transfer characteristics of the center of a 
channel field can be improved. As a metal oxide film, there are Ti02, Ta 205, alviminum205, and PZT and SBT. 
[01 1 1] With the gestalt of operation of the 8 th of this invention, although the level difference 26 was formed in both by 
the side of the source and a drain, you may prepare only in either. Especially the memory that memorizes the 
information for 1 bit is enough if there is only one side, 

[01 12] Next, actuation of the nonvolatile memory conceming the gestalt of operation of the 8th of this invention is 
explained using drawing 72 and drawing 73 . Drawing 72 is the cross section of the nonvolatile memory explaining 
write-in actuation. Drawin g 73 is the cross section of the nonvolatile memory explaining elimination actuation. As 
shown in drawing 72 , at the time of the writing of a memory cell, about 6-8V is impressed to Gate G, about 4-5V is 



impressed to Drain D, respectively, and Source S is grounded. Thus, voltage is impressed and an electron is poured into 
charge accumulation layer 4b by the side of a drain field with a channel thermoelectron (CHE). By having formed the 
level difference 26 in the channel field 25, it is located in the electronic dispersion direction at charge accumulation 
layer 4b. For this reason, the injection efficiency of the electron to charge accimiulation layer 4b can improve, and 
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improvement in the speed of grouting velocity and reduction-ization of applied voltage can be attained, the case where 
an electron is poured into charge accumulation layer 4a by the side of a source field — Drain D and Source S — what is 
necessary is to be alike, respectively and just to replace the voltage to impress with the above-mentioned case On the 
other hand, as shown in drawing 7,3 , elimination of a memory cell impresses negative voltage (- -5 V) to Gate G, and is 
performed by drawing out an electron from the charge accumulation layers 4a and 4b using Fowler Nordheim (FN) 
mold tunnel current. Moreover, when the gate electrode 3 is shared by two or more memory cells, an electron can be 
simultaneously drawn out from those memory cells. In this case, what is necessary is just to let Source S and Drain D be 
the p type semiconductor substrate 1 and this potential. Moreover, it is also possible to impress different positive voltage 
from the potential of the p type semiconductor substrate 1 to Drain D, and to draw out an electron for Source S only 
from charge accumulation layer 4a by the side of floating potential (Floating), then Drain D. What is necessary is to 
impress positive voltage to Source S, in drawing out an electron only from charge accumulation layer 4b by the side of 
Source S, and just to let Drain D be floating potential. 

[01 13] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Source S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four different current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0114] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of the 8th of this invention is explained using drawing 74 thru/or drawing 82 . As first shown in drawing 74 , the wrap 
photoresist pattern 27 is formed for the field in which the channel field 25 is formed on the p type semiconductor 
substrate 1. And as shown in d rawin g 75 , a level difference 26 is formed by etching the p type semiconductor substrate 
1 by the RIE method. 

[01 15] Next, as shown in drawing 76 , the small silicon nitride of charge storage capacity is deposited all over p type 
semiconductor substrate 1, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small silicon 
nitride of charge storage capacity is performed for example, by the JVD method. Silicon oxide is deposited with a CVD 
method after 1st gate insulator layer 13 formation, and the about 5-lOnm 2nd gate insulator layer 14 is formed. Then, 
the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about lOnm 3rd gate 
insulator layer 15 is formed. 

[01 16] next, it is shown in drawing 77 — as ~ the p type semiconductor substrate 1 whole surface — LPCVD — after 
depositing the about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and the gate electrode 3 is formed. Then, dry etching of 
the 1st gate insulator layer 13, the surface 2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the p 
type semiconductor substrate 1 of the field which forms a source field and a drain field by using the gate electrode 3 as a 
mask is carried out in self align. 

[01 17] Next, as shown in drawing 78 , the space 17 for charge accumulation layer formation is formed. This space 17 is 
formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 selectively using an etching reagent 
with the larger etch rate of the 2nd gate insulator layer 14 than the 1st gate oxide 13 and the 3rd gate insulator layer 15. 
What is necessary is just to use for example, a fluoric acid system as an etching reagent with the gestalt of operation of 
the 8th of this invention, since the 1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted fi-om a silicon 
nitride and the 2nd gate insulator layer 14 is constituted fi-om silicon oxide. Moreover, the space 17 for charge 
accumulation layer formation may be formed by the plasma dry etching method using the gas which changes to the wet 
etching method which used the etching reagent, and contains HF gas. 

[0118] next, it is shown in drawing 79 — as — the p type semiconductor substrate 1 whole siirface — LPCVD — it 
deposits so that the space 17 for charge accumulation layer formation may be thorougjily embedded by law in the high 
silicon nitride 18 of charge storage capacity. And as shown in drawing 80 , anisotropic etching by RIE is performed to 
the p type semiconductor substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of 
high silicon nitrides of charge storage capacity are formed. 

[01 19] Next, as shown in drawing 81 , after forming an oxide film 16 all over p type semiconductor substrate 1, n-mold 
diffusion layer 10 of low high impurity concentration is formed. It forms by activating the impurity which n-mold 
diffusion layer 10 used the gate electrode 3 as the mask with ion-implantation technology, poured in n mold impurity, 
and was poured in by subsequent heat treatment. 

[0120] Next, as shown in drawing 82 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
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electrode 3, n+ mold diffusion layer 1 1 of high high impurity concentration is formed. It forms by activating the 
impurity which nH- mold diffusion layer 1 1 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in n mold impurity, and was poured in by subsequent heat treatmmt. 
[0121] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate 1, then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere ~ the gate electrode 3 and n+ mold diffusion layer 11 — the conductive layer 12 
which consists of refractory metal silicide is formed in each front face. After conductive layer 12 formation, if the 
unreacted refractory metal which remained in fields other than the above is removed, the memory cell structure shown 
in drawing 71 will be completed. 

[0122] In addition, although a graphic display is not carried out, a final non-volatile memory cell is completed after 
memory cell structure completion of drawing 71 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
passivation film formation process, one by one. 

[0123] Thus, with the gestalt of the 8th operation of this invention, the charge accumulation layers 4a and 4b can be 
formed in the lower part of the ends of the gate electrode 3 in self align. Therefore, detailed-ization of the direction of 
gate length of a eel transistor is attained. Thereby, large capacity and the non-volatile semiconductor memory of high 
density can be offered. Moreover, the eel area per bit is mostly reduced by half compared with the former, and non- 
volatile semiconductor memory reduced substantially can be realized. 

[0124] Moreover, the width of face of the direction of channel length of the charge accumulation layers 4a and 4b is 
easily controllable by accommodation of the etching speed difference of the 1st gate insulator layer 13 and the 3rd gate 
insulator layer 15, and the 2nd gate insulator layer 14, and etching tune. Thereby, the charge accximulation layers 4a and 
4b can be arranged to the symmetry. And since the charge accumulation layers 4a and 4b are electrically separated 
thoroughly by the 2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b does not 
happen. Furthermore, since the charge accvimulation layers 4a and 4b are thoroughly insulated firom a source field, a 
drain field, the gate electrode 3, and a chaimel field with the 1st insulator layer 13 and the 3rd insulator layer 15, and an 
oxide film 16, the non-volatile semiconductor memory which was excellent in the charge maintenance property can be 
offered. It is extended and formed in the direction of a channel field fi"om the edge of the gate electrode 3, and the 
charge accumulation layers 4a and 4b are current transfer-characteristics ********** pf a memory cell by the charge 
storage condition of the portion by the side of the channel field of the charge accumulation layers 4a and 4b. Therefore, 
if the gate length lay length of this portion is reduced to a limit, more detailed non- volatile semiconductor memory can 
be offered. 

[0125] Furthermore, since the cellular structure is easily realizable at the usual CMOS process, non- volatile 
semiconductor memory can be manufactured by low cost using the existing production line. 

[0126] And with the gestalt of operation of the 8th of this invention, the electronic injection efiBciency at the time of 
writing can be raised. For this reason, improvement in the speed of drawing speed and reduction-ization of the applied 
voltage at the time of writing can be attained. 

[0127] (Gestalt of the 9th operation) Next, the gestalt of operation of the 9th of this invention is explained. In the gestalt 
of the 8th operation of the above, the gestalt of operation of the 9th of this invention made uimecessary the 2nd insulator 
layer 14 arranged between charge accumulation layer 4a of drawing 71 , and charge accumulation layer 4b, and has 
taken the configuration which made two charge accumulation layers 4a and 4b unify. Drawing 83 is the cross section 
showing the memory cell structure of the non- volatile semiconductor memory concerning the gestalt of operation of the 
9th of this invention. As shown in drawing 83 , this memory cell structure is changed to the charge accumulation layers 
4a and 4b of the gestalt of the 8th operation of the above, and the 2nd insulator layer 14, and arranges 4f of charge 
accumulation layers. 

[0128] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of the 9th of this invention is explained using drawing 84 thru/or drawing 89 . Like the gestalt of the 8th operation of the 
above, as first shown in drawing 84 , the wrap photoresist pattern 27 is formed for the field in which the chaimel field 25 
is formed on the p type semiconductor substrate 1 . And as shown in drawing 85 , a level difference 26 is formed by 
etching the p type semiconductor substrate 1 by the RIE method. 

[0129] Next, as shown in drawing 86 , the small silicon nitride of charge storage capacity is deposited all over p type 
semiconductor substrate 1, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small silicon 
nitride of charge storage capacity is performed for example, by the JVD method, after 1st gate insulator layer 13 
formation and LPCVD - about 5-lOnm of high silicon nitrides 18 of charge storage capacity is formed by law. Then, 
the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about IQimi 3rd gate 
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insulator layer 15 is formed. 

[01 30] next, it is shown in drawing 87 — as — the p type semiconductor substrate 1 whole surface - LPCVD ~ after 
depositing the about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and the gate electrode 3 is formed. Then, dry etching of 
the 1st gate insulator layer 13, the surface silicon nitride 18, and the surface 3rd gate insulator layer 15 of the p type 
semiconductor substrate 1 of the field which forms a source field and a drain field by using the gate electrode 3 as a 
mask is carried out in self align. Here, 4f of charge accumulation layers is formed. 

[0131] Next, as shown in drawing 88 , after forming an oxide film 1 6 all over p type semiconductor substrate 1 , n-mold 
diffusion layer 10 of low high impurity concentration is formed. It forms by activating the impurity which n-mold 
diffusion layer 10 used the gate electrode 3 as the mask with ion-implantation technology, poured in n mold impurity, 
and was poured in by subsequent heat treatment. 

[0132] Next, as shown in drawing 89 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
electrode 3, n+ mold diffusion layer 1 1 of high high impurity concentration is formed. It forms by activating the 
impurity which n+ mold diffusion layer 1 1 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in n mold impvirity, and was poured in by subsequent heat treatment. 
[0133] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the p type semiconductor substrate 1, then the p type semiconductor substrate 1 is 
heat-treated in an inert atmosphere — the gate electrode 3 and n+ mold diffusion layer 1 1 — the conductive layer 12 
which consists of refi-actory metal silicide is formed in each fi-ont face. After conductive layer 12 formation, if the 
xmreacted refi^actory metal which remained in fields other than the above is removed, the memory cell structure shown 
in drawing 83 will be completed. 

[0134] In addition, although a graphic display is not carried out, a final non-volatile memory cell is completed after 
memory cell structure completion of drawing 83 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
passivation film formation process, one by one. 

[0135] (Gestalt of the 10th operation) Next, the gestalt of operation of the 10th of this invention is explained. Drawing 
90 is the cross section showing the memory cell structure of the non-volatile semiconductor memory conceming the 
gestalt of operation of the 10th of this invention. Although the level difference was prepared in the ends of a channel 
field by making a channel field into a convex condition to a semiconductor substrate wdth the gestalt of the above- 
mentioned 8th and the 9th operation, a level difference is prepared in a channel field by making a channel field into a 
concave condition to a semiconductor substrate with the gestalt of this 10th operation. And the gestalt of this lOfli 
operation also aims at improvement in the electronic injection eflSciency at the time of writing by establishing a level 
difference and dip in the channel field of a memory cell. 

[0136] As shown in drawin g 90 , this memory cell consists of p mold MOS transistors. And with the structure of flie 
memory cell conceming the gestalt of this 10th operation, the 2nd gate insulator layer 14 is formed in the front face of 
the n-type-semiconductor substrate 19 through the 1st gate insulator layer 13. The charge accumulation layers 4a and 4b 
are formed in the ends of the 2nd gate insulator layer 14. On the 2nd gate insulator layer 14 and charge accumulation 
layer 4a, and 4b, the gate electrode 3 is formed through the 3rd gate insulator layer 15. The sidewall spacer 9 is formed 
in the side of the gate electrode 3 through an oxide film 16, and p-mold diffiision layer 20 of the low high impurity 
concentration which touches a channel field, and p+ mold diffusion layer 21 of the high high impurity concentration 
located in the outside of this p-mold diffusion layer 20 are formed in the n-type-semiconductor substrate 19 of the lower 
part of this sidewall spacer 9. the gate electrode 3 and p-H mold diffusion layer 21 - a conductive layer 12 is formed in 
each front face. 

[0137] Furthermore, with the memory cell structure of the non-volatile semiconductor memory conceming the gestalt of 
operation of the 10th of this invention, a level difference 26 is formed in the channel field 25. With this level difference 
26, the charge accimiulation layer 4 will be located in the dispersion direction of the electron in the p type 
semiconductor substrate 1. Therefore, the injection efficiency of the electron at the time of writing improves. 
[0138] The memory cell of the non- volatile semiconductor memory conceming the gestalt of operation of the 10th of 
this invention has the LDD structure which constituted the source field and the drain field fi-om a p-mold diffusion layer 
20 of low high impurity concentration, and a p-i- mold diffusion layer 21 of high high impurity concentration. And it 
consists of three-layer cascade screens which a gate insulator layer turns into fi-om the 1st gate insulator layer 13 (Iowct 
layer), the 2nd gate insulator layer 14 (interlayer), and the 3rd gate insulator layer 15 (upper layer), and the charge 
accumulation layCTS 4a and 4b are formed in the both ends of the 2nd gate insulator layer 14. An electron is accumulated 
in these two charge accumulation layers 4a and 4b. That are recording condition (1) charge accumulation layer 4a, All 
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of 4b can take the condition which is not accumulating the* electron, the condition that only (2) charge accxunulation 
layer 4a is accumulating the electron, the condition that only (3) charge accumulation layer 4b is accumulating the 
electron, and four conditions of condition *♦ that (4) charge accumulation layers 4a and 4b are accumulating the 
electron. A changed part of the threshold voltage produced by the existence of the electron held in these two charge 
accumulation layers 4a and 4b is made to correspond to "00" of storage information, "01", "10", and "11," Moreover, 
with this memory cell structure, since the charge accximulation layers 4a and 4b are located above the channel field 
edge, the threshold voltage of a channel field center section is decided only by high impurity concentration of a channel 
field, and they do not depend for it on the are recording condition of the electron of the charge accvimulation layers 4a 
and 4b. Therefore, fault elimination (over-erase) by the excess and deficiency of the electron of the charge accumulation 
layers 4a and 4b is prevented, and cannot produce the poor leak which originates in fault elimination by that cause, a 
poor program, and poor read-out Moreover, the leakage current between a source field and a drain field can be 
controlled only with gate voltage, and can realize highly reliable non- volatile semiconductor memory. What is necessary 
is for the charge accumulation layers 4a and 4b just to consist of high silicon nitrides of the charge storage capacity by 
the CVD method. It is because the charge maintenance property of being hard to receive effect in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron in the discrete charge trapping level of a 
silicon nitride. Moreover, if constituted fi-om a silicon film and a polycrystalline silicon film, it can manufacture 
cheaply. Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted from a silicon 
nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric constant, silicon oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 4nm * about llirni. For 
example, since the real thickness of the silicon nitride whose silicon oxide conversion thickness is 5imi is about lOnm, 
induction of the direct turmel (DT) impregnation is not carried out. Therefore, voltage at the time of electronic 
impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but detailed-ization of a 
circumference high-tension actuation element of it is attained. 

[0139] Although p-mold diffusion layer 20 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted fi-om a memory cell of the non-volatile semiconductor 
memory concerning the gestalt of operation of the 10th of this invention, a source field and a drain field may consist of 
single drain stracture and double drain structure. Although the 2nd gate insulator layer 14 prevents leak between charge 
accumulation layer 4a-4b, it can consist of silicon oxide, for example. Moreover, if the metal oxide film which has a 
high dielectric constant is used for the 2nd gate insulator layer 14, the current transfer characteristics of the center of a 
channel field can be improved. As a metal oxide film, there are Ti02, Ta 205, alimiinum205, and PZT and SBT. 
[0140] With the gestalt of operation of the 10th of this invention, although the level difference 26 was formed in both by 
the side of the source and a drain, you may prepare only in either. Especially the memory that memorizes the 
information for 1 bit is enough if there is only one side. 

[0141] Next, actuation of the nonvolatile memory conceming the gestalt of operation of the 10th of this invention is 
explained using drawing 91 and drawing 92 . Drawing 91 is the cross section of the nonvolatile memory explaining 
write-in actuation. Drawing 92 is the cross section of the nonvolatile memory explaining elimination actuation. As 
shown in drawing 91 , at the time of the writing of a memory cell, about 5 V is impressed to Gate G, and about -5V is 
impressed to Drain D, respectively, and let Source S be floating potential. Thus, voltage is impressed, energy is given to 
the electron of the tunneling reason between band-bands by the electric field near the drain, and it pours into charge 
accumulation layer 4b by the side of a drain field. Charge accumulation layer 4b is located in an electronic direction of 
grouting by having formed the level diff5srence 26 in the chaimel field 25. For this reason, the injection efficiency of the 
electron to charge accumulation layer 4b can improve, and improvement in the speed of grouting velocity and 
reduction-ization of applied voltage can be attained, the case where an electron is poured into charge accumulation layer 
4a by the side of a source field — Drain D and Soxirce S — what is necessary is to be alike, respectively and jvist to 
replace the voltage to impress with the above-mentioned case On the other hand, as shown in drawing 92 , elimination 
of a memory cell impresses negative voltage (- -5 V) to Gate G, and is performed by drawing out an electron firom the 
charge accumulation layers 4a and 4b using Fowler Nordheim (FN) mold tuimel cvirrent. Moreover, when the gate 
electrode 3 is shared by two or more memory cells, an electron can be simultaneously drawn out fi'om those memory 
cells. In this case, what is necessary is just to let Source S and Drain D be the n-type-semiconductor substrate 19 and 
this potential. Moreover, it is also possible to impress different positive voltage fi'om the potential of the p type 
semiconductor substrate 1 to Drain D, and to draw out an electron for Source S only fi'om charge accumulation layer 4a 
by the side of floating potential (Floating), then Drain D. What is necessary is to impress positive voltage to Source S, in 
drawing out an electron only from charge accumulation layer 4b by the side of Source S, and just to let Drain D be 
floating potential. 
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[0142] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Source S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four different current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0143] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of the 10th of this invention is explained using drawing 93 thru/or drawing 101 . As first shown in draw ing 93 , the wrap 
photoresist pattern 27 is formed except the field in which the channel field 25 is formed on the n-type-semiconductor 
substrate 19. And as shown in drawing 94 , a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method, 

[0144] Next, as shown in drawing_95 , the small silicon nitride of charge storage capacity is deposited all over n-type- 
semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small silicon 
nitride of charge storage capacity is performed for example, by the JVD method. Silicon oxide is deposited with a CVD 
method after 1st gate insulator layer 13 formation, and the about 5-lOnm 2nd gate insulator layer 14 is formed. Then, 
the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about lOnm 3rd gate 
insulator layer 15 is formed. 

[0145] next, it is shown in drawing 96 - as ~ the n-type-semicoriductor substrate 19 whole surface — LPCVD — after 
depositing die about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and the gate electrode 3 is formed. Then, dry etching of 
the 1st gate insulator layer 13, the surface 2nd gate insulator layer 14, and the surface 3rd gate insulator layer 15 of the 
n-type-semiconductor substrate 19 of the field which forms a source field and a drain field by using the gate electrode 3 
as a mask is carried out in self align. 

[0146] Next, as shown in drav/ing 97 , the space 17 for charge accumulation layer formation is formed. This space 17 is 
formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 selectively using an etching reagent 
with the larger etch rate of the 2nd gate insulator layer 14 than the 1st gate oxide 13 and the 3rd gate insulator layer 15. 
What is necessary is just to use for example, a fluoric acid system as an etching reagent with the gestalt of operation of 
the 10th of this invention, since the 1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted from a silicon 
nitride and the 2nd gate insulator layer 14 is constituted from silicon oxide. Moreover, the space 17 for charge 
accumulation layer formation may be formed by the plasma dry etching method using the gas which changes to the wet 
etching method which used the etching reagent, and contains HF gas. 

[0147] next, it is shown in drawin g 98 - as — the n-type-semiconductor substrate 19 whole surface ~ LPCVD — it 
deposits so that the space 17 for charge accxmiulation layer formation may be thoroughly embedded by law in the high 
silicon nitride 1 8 of charge storage capacity. And as shown in drawing 99 , anisotropic etching by RIE is performed to 
the n-type-semiconductor substrate 19 whole surface, and the charge accumulation layers 4a and 4b which consisted of 
high silicon nitrides of charge storage capacity are formed. 

[0148] Next, as shown in drawing 100 , after forming an oxide film 16 all over n-type-semiconductor substrate 19, p- 
mold diffusion layer 20 of low high impurity concentration is fonned. It forms by activating the impurity which p-mold 
difiusion layer 20 used the gate electrode 3 as the mask with ion-implantation technology, poured in p mold impurity, 
and was poured in by subsequent heat treatment. 

[0149] Next, as shown in drawing 101 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
electrode 3, p+ mold diffusion layer 21 of high high impurity concentration is formed. It forms by activating the 
impurity which p+ mold diffusion layer 21 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in p mold impurity, and was poured in by subsequent heat treatment. 
[01 50] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the n-type-semiconductor substrate 19, then the n-type-semiconductor substrate 19 
is heat-treated in an inert atmosphere — the gate electrode 3 and p+ mold difiusion layer 21 — the conductive layer 12 
which consists of refractory metal silicide is formed in each front face. After conductive layer 12 formation, if the 
unreacted refractory metal which remained in fields other than the above is removed, the memory cell structure shown 
in drawing 90 will be completed. 

[0151] In addition, although a graphic display is not carried out, a final non- volatile memory cell is completed after 
memory cell structure completion of drawing 90 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
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passivation film formation process, one by one. 

[0152] Thus, with the gestalt of the 10th operation of this invention, the charge accumulation layers 4a and 4b can be 
formed in the lower part of the ends of the gate electrode 3 in self align. Therefore, detailed-ization of the direction of 
gate length of a eel transistor is attained. Thereby, large capacity and the non- volatile semiconductor memory of high 
density can be offered. Moreover, the eel area per bit is mostly reduced by half compared with the former, and non- 
volatile semiconductor memory reduced substantially can be realized. 

[01 53] Moreover, the width of face of the direction of channel length of the charge accumulation layers 4a and 4b is 
easily controllable by accommodation of the etching speed difference of the 1st gate insulator layer 13 and the 3rd gate 
insulator layer 15, and the 2nd gate insulator layer 14, and etching time. Thereby, the charge accumulation layers 4a and 
4b can be arranged to the symmetry. And since the charge accumulation layers 4a and 4b are electrically separated 
thoroughly by the 2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b does not 
happen. Furthermore, since the charge accumulation layers 4a and 4b are thoroughly insulated from a sovirce field, a 
drain field, the gate electrode 3, and a channel field with the 1st insulator layer 13 and the 3rd insulator layer 15, and an 
oxide film 16, the non- volatile semiconductor memory which was excellent in the charge maintenance property can be 
offered. It is extended and formed in the direction of a channel field from the edge of the gate electrode 3, and the 
charge accxmiulation layers 4a and 4b are current transfer-characteristics ********** of a memory cell by the charge 
storage condition of the portion by the side of the channel field of the charge accumulation layers 4a and 4b. Therefore, 
if the gate length lay length of this portion is reduced to a limit, more detailed non- volatile semiconductor memory can 
be offered. 

[0154] Furthermore, since the cellular structure is easily realizable at the usual CMOS process, non- volatile 
semiconductor memory can be manufactured by low cost using the existing production line. 

[0155] And with the gestalt of operation of the 10th of this invention, the electronic injection efficiency at the time of 
writing can be raised. For this reason, improvement in the speed of drawing speed and reduction-ization of the applied 
voltage at the time of writing can be attained. 

[0156] (Gestalt of the 1 1th operation) Next, the gestalt of operation of the 1 1th of this invention is explained. In the 
gestalt of the 10th operation of the above, the gestalt of operation of the 1 1th of this invention made uimecessary the 2nd 
insulator layer 14 arranged between charge accumulation layer 4a of drawing 90 , and charge accumulation layer 4b, 
and has taken the configuration which made two charge accimiulation layers 4a and 4b unify. Drawing 102 is a cross 
section showing the memory cell structure of the non- volatile semiconductor memory concerning the gestalt of 
operation of the 1 1th of this invention. As shown in drawing 102 , this memory cell structure is changed to the charge 
accumulation layers 4a and 4b of the gestalt of the lOtih operation of the above, and the 2nd insulator layer 14, and 
arranges 4f of charge accimiulation layers. 

[0157] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of the 1 1th of this invention is explained using Fig^ 103 thru/or 108 . Like the gestalt of the lOih operation of the above, 
as first shown in drawing 103 , the wrap photoresist pattern 27 is formed except the field in which the chaimel field 25 is 
formed on the n-type-semiconductor substrate 19. And as shown in drawing 104 , a level difference 26 is formed by 
etching the n-type-semiconductor substrate 19 by the RIE method. 

[0158] Next, as shown in drawing 105 , the small silicon nitride of charge storage capacity is deposited all over n-type- 
semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small silicon 
nitride of charge storage capacity is performed for example, by the JVD method, after 1st gate insulator layer 13 
formation and LPCVD — about 5-1 Onm of high silicon nitrides 18 of charge storage capacity is formed by law. Then, 
the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about lOnm 3rd gate 
insulator layer 15 is formed. 

[0159] next, it is shown in drawing 106 — as — the n-type-semiconductor substrate 19 whole surface — LPCVD — after 
depositing the about 50-250nm polycrystalline silicon film which doped n mold or p mold impurity by law, patterning is 
carried out with exposure technology and etching technology, and the gate electrode 3 is formed. Then, dry etching of 
the 1st gate insulator layer 13, the surface silicon nitride 18, and the surface 3rd gate insulator layer 15 of the n-type- 
semiconductor substrate 19 of the field which forms a source field and a drain field by using the gate electrode 3 as a 
mask is carried out in self align. Here, 4f of charge accumulation layers is formed. 

[0160] Next, as shown in drawing 107 , after forming an oxide film 16 all over n-type-semiconductor substrate 19, p- 
mold diffusion layer 20 of low high impurity concentration is formed. It forms by activating the impurity which p-mold 
diffusion layer 20 used the gate electrode 3 as the mask with ion-implantation technology, poured in p mold impxirity, 
and was poured in by subsequent heat treatment. 

[0161] Next, as shown in drawing 108 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
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electrode 3, p+ mold diffusion layer 21 of high high impurity concentration is formed. It forms by activating the 
impurity which p-f mold diffusion layer 21 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
implantation technology, poured in p mold impxirity, and was poured in by subsequent heat treatment. 
[0162] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the n-type-semiconductor substrate 19, then the n-type-semiconductor substrate 19 
is heat-treated in an inert atmosphere - the gate electrode 3 and p+ mold diffusion layer 21 the conductive layer 12 
which consists of refractory metal silicide is formed in each front face. After conductive layer 12 formation, if tfie 
imreacted refractory metal which remained in fields other than the above is removed, the memory cell structure shown 
in drawing 102 will be completed. 

[0163] In addition, although a graphic display is not carried out, a final non- volatile memory cell is completed after 
memory cell structure completion of drawing 102 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
passivation film formation process, one by one. 

[0164] (Gestalt of the 12th operation) Next, the gestalt of operation of the 12th of this invention is explained. Drawing 
109 is a cross section showing the structure of the memory cell of the non- volatile semiconductor memory concerning 
the gestalt of operation of the 12th of this invention. Although exposure technology and etching technology were used 
for patterning of the gate electrode 3 with the gestalt of the 1 0th operation of the above, it is the example which uses the 
chemical mechanical grinding method for patterning of the gate electrode 3 with the gestalt of this 12th operation. 
[0165] Next, the manufacture method of the memory cell of the nonvolatile memory concerning the gestalt of operation 
of thie 12th of this invention is explained using Fig^ 110 thru/or 118 . As first shown in drawing 110 , the wrap 
photoresist pattern 27 is formed except the field in which the channel field 25 is formed on the n-type-semiconductor 
substrate 19. And as shown in drawing 111 , a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method. 

[0166] Next, as shown in drawing 112 , the small silicon nitride of charge storage capacity is deposited all over n-type- 
semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is formed. Deposition of the small silicon 
nitride of charge storage capacity is performed for example, by the JVD method. Silicon oxide is deposited with a CVD 
method after 1st gate insulator layer 13 formation, and the about SrlOnm 2nd gate insulator layer 14 is formed. Then, 
the small silicon nitride of charge storage capacity is deposited by the JVD method, and the about lOnm 3rd gate 
insulator layer 15 is formed, furthermore, the n-type-semiconductor substrate 19 whole surface — LPCVD the about 
50-500nm polycrystalline silicon film 28 which doped n mold or p mold impurity by law is deposited. 
[0167] Next, as shown in drawing 1 1 3 , the gate electrode 3 is formed by performing embedding of the polycrystalline 
silicon film 19 by the chemical mechanical polishing method. In addition, wet etching usually removes the 1st gate 
insulator layer 13, the 2nd gate insulator layer 14, and the 3rd gate insulator layer 15 which remain on the n-type- 
semiconductor substrate 19. 

[0168] Next, as shown in drawing 114 , the space 17 for charge accumulation layer formation is formed- This space 17 
is formed by carrying out wet etching of the edge of the 2nd gate insulator layer 14 selectively using an etching reagent 
with the larger etch rate of the 2nd gate insulator layer 14 than the 1 st gate oxide 1 3 and the 3rd gate insulator layer 15, 
What is necessary is just to use for example, a fluoric acid system as an etching reagent with the gestalt of operation of 
the 12th of this invention, since the 1st gate oxide 13 and the 3rd gate insulator layer 15 are constituted from a silicon 
nitride and the 2nd gate insulator layer 14 is constituted from silicon oxide. Moreover, the space 17 for charge 
accumulation layer formation may be formed by the plasma dry etching method using the gas which changes to the wet 
etching method which used the etching reagent, and contains HF gas. 

[01 69] next, it is shown in drawing 115 — as — the n-type-semiconductor substrate 19 whole surface — LPCVD — it 
deposits so that the space 17 for charge accumulation layer formation may be thoroughly embedded by law in the high 
silicon nitride 1 8 of charge storage capacity. And as shown in drawing 116 , anisotropic etching by RIE is performed to 
the n-type-semiconductor substrate 19 whole surface, and the charge accumulation layers 4a and 4b which consisted of 
high silicon nitrides of charge storage capacity are formed. 

[0170] Next, as shown in drawing 117 , after forming an oxide film 16 all over n-type-semiconductor substrate 19, p- 
mold diffusion layer 20 of low high impurity concentration is formed. It forms by activating the impurity which p-mold 
diffusion layer 20 used the gate electrode 3 as the mask with ion-implantation technology, poured in p mold impurity, 
and was poured in by subsequent heat treatment. 

[0171] Next, as shown in drawin g 118 , after forming the sidewall spacer 9 in the side attachment wall of the gate 
electrode 3, p+ mold diffusion layer 21 of high high impurity concentration is formed- It forms by activating the 
impurity which p+ mold diffusion layer 21 used the gate electrode 3 and the sidewall spacer 9 as the mask with ion- 
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implantation technology, poured in p mold impurity, and was poured in by subsequent heat treatment. 
[0172] next, the thing for which refractory metal films, such as a tungsten, titanium, and cobalt, are deposited by the 
CVD method or the spatter all over the n-type- semiconductor substrate 19, then the n-type-semiconductor substrate 19 
is heat-treated in an inert atmosphere ~ the gate electrode 3 and p+ mold diffusion layer 21 ~ the conductive layer 12 
which consists of refractory metal silicide is formed in each front face. After conductive layer 12 formation, if flie 
unreacted refractory metal which remained in fields other than the above is removed, the memory cell structure shown 
in dra wing 109 will be completed. 

[0173] In addition, although a graphic display is not carried out, a final non- volatile memory cell is completed after 
memory cell structure completion of drawing 109 through the usual CMOS manufacturing processes, such as an 
interlayer insulation film formation process, a contact hole formation process, a wiring formation process, and a 
passivation film formation process, one by one. 

[0174] (Gestalt of the 13th operation) Next, the gestalt of operation of the 13th of this invention is explained. With the 
gestalt of the above-mentioned 1st thru/or the 12th operation, sufficient examination to improvement in the speed of 
transistors other than a memory cell was not made. On the other hand, as structure of a hi^-speed CMOS transistor, by 
forming the notch on concave between a gate electrode and a source drain diflfiision layer, the capacity between a gate 
electrode and a diffusion layer is reduced, and the attempt which accelerates a logic gate is made (T.Ghani et al., 
IEDM99, p415). The gestalt of this 13th operation is using this structure for non- volatile semiconductor memory, and 
enables large improvement in the speed of the semiconductor device consolidated with the usual transistor and the non- 
volatile semiconductor memory which does not have a memory fiinction. 

[0175] Drawing 119 is a cross section showing the memory cell structure of the non- volatile semiconductor memory 
concerning the gestalt of operation of the 13 th of this invention. This memory cell consists of n mold MOS transistors. 
With the memory cell structure of the non- volatile semiconductor memory concerning the gestalt of operation of the 
13th of this invention, the gate electrode 3 is formed in the front face of the p type semiconductor substrate 1 through 
the 1st gate insulator layer 13. A crevice is established in the ends of the gate electrode 3, and the charge accumulation 
layer 4 (4a, 4b) is formed in each crevice. The oxide film 30 is formed between the charge accumulation layer 4 and the 
gate electrode 3. The sidewall spacer 9 is formed in the side of the gate electrode 3 through ain oxide film 16, and n- 
mold diffusion layer 10 of the low high impurity concentration which touches a channel field, and n+ mold diffusion 
layer 1 1 of the high high impurity concentration located in the outside of this n-mold diffusion layer 10 are formed in 
the principal plane of the p type semiconductor substrate 1 of the lower part of this sidewall spacer 9. the gate electrode 
3 and n+ mold diffusion layer 1 1 — a conductive layer 12 is formed in each front face. 

[0176] The memory cell of the nonvolatile memory conceming the gestalt of operation of the 13th of this invention has 
the LDD structure which constituted the source field and the drain field from an n-mold dififiision layer 1 0 of low high 
impurity concentration, and an n+ mold diffusion layer 1 1 of high high impurity concentration. And the charge 
accumulation layer 4 (4a, 4b) is formed in the both ends of the gate electrode 3. An electron is accumulated in these two 
charge accumulation layers 4a and 4b. That are recording condition (1) charge accumulation layer 4a, All of 4b can take 
the condition which is not accumulating the electron, the condition that only (2) charge accumulation layer 4a is 
accumulating the electron, the condition that only (3) charge accimiulation layer 4b is accumulating the electron, and 
fovir conditions of condition ** that (4) charge accumulation layers 4a and 4b are accumulating the electron. A changed 
part of the threshold voltage produced by the existence of the electron held in these two charge accumulation layers 4a 
and 4b is made to correspond to "00" of storage information, "01", "10", and "11." Moreover, with this memory cell 
structure, since the charge accumulation layCT 4 is located above the channel field edge, the threshold voltage of a 
channel field center section is decided only by high impurity concentration of a channel field, and it does not depend for 
it on the are recording condition of the electron of the charge accumulation layer 4. Therefore, fault elimination (over- 
erase) by the excess and deficiency of the electron of the charge acctmiulation layer 4 is prevented, and caimot produce 
the poor leak which originates in fault elimination by that cause, a poor program, and poor read-out Moreover, the 
leakage current between a source field and a drain field can be controlled only with gate voltage, and can realize highly 
reliable nonvolatile memory. What is necessary is for the charge accumulation layer 4 just to consist of high silicon 
nitrides of the charge storage capacity by the CVD method. It is because the charge maintenance property of being hard 
to receive effect in the membraneous quality of a lower insulator layer can be acquired by accumulating an electron in 
the discrete charge trapping level of a silicon nitride. Moreover, if constituted fi-om a silicon film and a polycrystalline 
silicon film, it can manufacture cheaply. Furthermore, if the 1st gate insulator layer 13 is constituted firom a silicon 
nitride (Si3N4 film) which has an about 2 times [ of silicon oxide (Si02 film) ] dielectric constant, silicon oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 4nm - about 1 Inm. For 
example, since the real thickness of the silicon nitride whose silicon oxide conversion thickness is Simi is about lOnm, 
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induction of the direct tunnel (DT) impregnation is not carried out. Therefore, voUage at the time of electronic 
impregnation extract actuation is low-battery-ized, and not only detailed-izing of a memory cell but detailed-ization of a 
circxmiference high-tension actuation element of it is attained. 

[0177] Although n-mold diffusion layer 10 is established for the object of the improvement in resisting pressure of a 
source field and a drain field and LDD structure is constituted from a memory cell of the nonvolatile memory 
concerning the gestalt of operation of the 13 th of this invention, a source field and a drain field may consist of single 
drain structure and double drain structure. 

[0178] Next, actuation of the nonvolatile memory concerning the gestalt of operation of the 13th of this invention is 
explained using Fig. 120 and 121 . Drawing 120 is a cross section of the nonvolatile memory explaining write-in 
actuation. Drawing 121 is a cross section of the nonvolatile memory explaining elimination actuation. The memory cell 
of Fig. 120 and 121 consists of n mold MOS transistors. As shown in drawing 120 , at the time of the writing of a 
memory cell, about 6-8V is impressed to Gate G, about 4-5V is impressed to Drain D, respectively, and Source S is 
grounded. Thus, voltage is impressed and an electron is poured into charge accumulation layer 4b by the side of a drain 
field with a channel thermoelectron (CHE), the case where an electron is poured into charge accumulation layer 4b by 
the side of a source field - Drain D and Source S — what is necessary is to be alike, respectively and just to replace the 
voltage to impress with the above On the other hand, as shown in drawing 121 , elimination of a memory cell impresses 
negative voltage (- -5 V) to Gate G, and is performed by drawing out an electron fi-om the charge accumulation layers 
4a and 4b using Fowler Nordheim (FN) mold tunnel current. Moreover, when Gate G is shared by two or more memory 
cells, an electron can be simultaneously drawn out fi^om those memory cells. In this case, what is necessary is just to let 
Source S and Drain D be the p type semiconductor substrate 1 and this potential. Moreover, it is also possible to impress 
different positive voltage fi^om the potential of the p type semiconductor substrate 1 to a drain electrode, and to draw out 
an electron for a source electrode only fi-om charge accumulation layer 4b by the side of floating potential (Floating), 
then a drain electrode. What is necessary is to impress positive voltage to a source electrode, in drawing out an electron 
only fi'om charge accumulation layer 4a by the side of a source electrode, and just to let a drain electrode be floating 
potential. 

[0179] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the current transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Source S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four different current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[01 80] Next, the actuation of the nonvolatile memory concerning the gestalt of operation of the 13th of this invention 
which consists of p mold MOS transistors is explained using Fig^ 122 and 121 . Drawing 122 is a cross section of the 
nonvolatile memory explaining write-in actuation. Drawing 123 is a cross section of the nonvolatile memory explaining 
elimination actuation. The memory cell of FigsL 122 and 121 consists of p mold MOS transistors. As shown in drawing 
122 , at the time of the writing of a memory cell, about 5V is impressed to Gate G, and about -5V is impressed to Drain 
D, respectively, and let Source S be floating potential. Thus, voltage is impressed, energy is given to the electron of the 
tunneling reason between band-bands by the electric field near the drain field, and an electron is poured into charge 
accumulation layer 4b by the side of a drain field, the case where an electron is poured into charge accumulation layer 
4a by the side of a source field — Drain D and Soxirce S — what is necessary is to be alike, respectively and just to 
replace the voltage to impress with the above On the other hand, as shown in drawing 123 , elimination of a memory 
cell impresses negative voltage (- -5 V) to Gate G, and is performed by drawing out an electron fix)m the charge 
accumulation layers 4a and 4b using FN cvirrent. Moreover, when Gate G is shared by two or more memory cells, an 
electron can be simultaneously drawn out fi-om those memory cells. In this case, let Source S and Drain D be the n-type- 
semiconductor substrate 19, this potential, or floating potential. 

[0181] Moreover, although a graphic display is not carried out, read-out of a memory cell is performed by detecting the 
read-out current which flows between Source S and Drains D. It uses that the cxirrent transfer characteristics a source 
field and near the drain field (channel conductance) become irregular according to the are recording condition of the 
charge accumulation layers 4a and 4b. To which bias shall be carried out between Source S and Drain D should just 
choose the direction where the modulation of current transfer characteristics appears notably. According to four are 
recording conditions of the charge accumulation layers 4a and 4b, four different current transfer characteristics are 
acquired and, thereby, the information for 2 bits can be memorized in one cel. 

[0182] With the gestalt of operation of the 13th of this invention, as shown in drawing 124 , the usual MOS transistor 
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which does not have a memory function is also realizable. Because, in this MOS transistor, the charge accximulation 
layer 4 is arranged only on the source drain field 1 0 and 1 1 , and is not arranged on the channel jSeld. For this reason, the 
conduction property of this MOS transistor is because effect is not received in the maintenance condition of the charge 
of the charge accumulation layer 4 at all. Furthermore, by existence of the crevice of the gate electrode 3, the parasitic 
capacitance between gate-source drains is reduced and it also has the advantageous point that the high-speed operation 
of an MOS transistor becomes possible. 

[0183] (Gestalt of the 14th operation) Next, the gestalt of operation of the 14th of this invention is explained. The gestalt 
of this 14th operation has the composition of having made the charge accumulation layer 4 and the sidewall spacer 9 
unifying, in the gestalt of the 1 3th operation of the above. Drawing 125 is a cross section showing the memory cell 
structure of the non- volatile semiconductor memory concerning the gestalt of operation of the 14th of this invention. 
This memory cell consists of n mold MOS transistors. With the memory cell structure of the non-volatile semiconductor 
memory concerning the gestalt of operation of the 14th of this invention, the gate electrode 3 is formed in the front face 
of the p type semiconductor substrate 1 through the 1st gate insulator layer 13. A crevice is established in the ends of the 
gate electrode 3, and the charge accumulation layer 4 (4a, 4b) is formed in each crevice. The oxide film 30 is formed 
between the charge accumulation layer 4 and the gate electrode 3. The sidewall spacer 9 is formed in the side of the gate 
electrode 3 through an oxide film 1 6, and a part of this sidewall spacer 9 constitutes the charge accumulation layer 4. n- 
mold diffusion layer 10 of the low high impurity concentration which touches a channel field, and n+ mold diffusion 
layer 1 1 of the high high impurity concentration located in the outside of this n-mold diffusion layer 10 are formed in 
the principal plane of the p type semiconductor substrate 1 of the lower part of the sidewall spacer 9, the gate electrode 3 
and n+ mold diffusion layer 1 1 ~ a conductive layer 12 is formed in each front face. 

[0184] What is necessary is for the gestalt of operation of the 14th of this invention just to constitute the sidewall spacer 
9 and the charge accumulation layer 4 from the high silicon nitride of the charge storage capacity by the CVD method. 
It is because the charge maintenance property of being hard to receive effect in the membraneous quality of a lower 
insulator layer can be acquired by accimiulating an electron in the discrete charge trapping level of a silicon nitride. 
Moreover, if constituted from a silicon film and a polycrystalline silicon film, it can manufacture cheaply, 
[01 85] With the gestalt of operation of the 14th of this invention, the usual MOS transistor as shown in drawing 126 as 
well as the gestalt of the 1 3th operation of the above is realizable. 
[0186] 

[Effect of the Invention] According to this invention, the structure of a non-volatile semiconductor memory where the 
information for two or more bits is memorizable by the easy cellular structure is realizable. 

[0187] According to this invention, the manufacture method of a non- volatile semiconductor memory of manufacturing 
the non-volatile semiconductor memory which memorizes the information for two or more bits in an easy manufacture 
process is realizable. 

[0188] According to this invention, the structure of the semiconductor memory which wrote in electrically by the easy 
cellular structure and loaded together eliminable nonvolatile memory and the volatile memory in which read-out write- 
in [ high-speed ] is possible is realizable. 

[0189] According to this invention, the manufacture method of the semiconductor memory which wrote in electrically 
in the easy manufacture process and loaded together eliminable nonvolatile memory and tiie volatile memory in which 
read-out write-in [ high-speed ] is possible is realizable. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/traiuweb_cguejje 



3/18/2004 



Page 1 of 33 



* NOTICES ♦ 

Japan. Patent Office is not reBponaibla for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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n -mw^m 1 0 t:m^-r^o n -Mtttfcs 1 0 n>r ^ 

ViiASWI^ J: "9 B 1 h mm 3 46 J: t/m^^^fflS 4 

J: o T ^ A b fc ^Jsfii^ ^tStt^ b-f - S Cl fl^fife $ tt -5 „ 
[0 0 2 4] |gl9;;i:o^i-j;5ic. mWSaS4c7D 

mmmco n 1 1 ^m-r -So n +Mtet!cs i 

iii^:^>'^A^mj-J:i9Bi hmi^3. m^^a 

g4isJ:U?i^-r K^>:*-— >'^:^-<-1^9<^■^:^i^' <b LTn 
M^iisfeifei^^AL. ^(^m<^fSiMSlcJ:oX^AL/c^ 

[0 0 2 5]»:(:i. pM^^f*:S;Kl(^^®lc:CVDfe 
i^tL\t:^^<y^m^^^X^i^^f:!K'r>^ "f^^l^^ 

s« 1 ^^?£f4#is^^x?si^3g-r ^ c ^ J: ^ 1 y 

-hmil3. m^SSe4. ^2y- hmei8*5j:t/n 

-^mmm 1 1 ^n^'no^Mjc:S5fiii,s^jR v y -^^ v 
me. ^2»^bflM7. m:i. mtmecommii^mmi^in 

[0 0 2 6] /«^ib\ [21:^»lLnei^;5^ [21lioyqey-t;P 

^xs. iEi»?i^A8;xa. ^-^yv-^^v-a Vjg[Ji^i*xa« 
i7)iiS<^CMOsa!ti§xsSrli|g»:Sx. SJK-W/cC^ifSl 

^^y^y-tryW;05^iS;-t-^>o 

[00 2 7] :^^^^(Dm 1 <^IIJ6<^?f^ffil- 
SaS4(75Ji?F|5(wt»2y- hmffi8Sr^»t;tco-e. L 
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[0 0 2 8] (^2 ^\Z^ :^^m(Dm 2 

<^iijfe(7:)fl^^^i5ii^-r6o SIGH. :^^m<Dm2<Dm 

immi Ai>^mihi^li>. ^lt. ii2>>'- hitei&jKi 
>5^- h mmm ia^x xinMwmm 4a. 4 b .htcjim 

gfi:gl 1 ji^^ften^o y- hm<^3 4oJ;t/n +SteSS: 
10 0 2 9] *:^b>^<^^2 

^^€M^^i£^Mi^igS(^)n 1 0 tm^m^^m 

m<on-^mi}i:mmi ixmf&LtiLDDmm^^L^x\^^ 

b^mmi5 (Jig) />-^/^-5 3gs®^T*«^^n. 

^ 2 y- h^Sj^JK 1 4 <^[^«§I5tCHm^af««S 4 a *5 J: 

t/4 b/05ji^^^ix5o :i<o2-:><Dm^wmm4 aisxv^ 

4blc:m^^SSL. ^coSS^t^^Ji (1) m^^rSSJi 

4 a. 4 bOV>-fttt>m^^SaLTl^/.fV^t^^. 

(2) l;^^SS«4 ac^;^^5^^^^aL-cv>-54^|g. 

(3) mmwmm4h(D3^r-m'f'^wmi^x\^^^:i^m. 

(4) m^SaS4a. 4 b^imi^^SSLTV^-S^^ 
ffi. 0 4o0^^ffi^^ D#6o C<0 2o0«^afSfflS4 
aib*J:0?4 blw(^^^tLfcS^<7);t#SI^J:oX^i:6b 40 
# V ^fflmJEOgC^b^J'^ISlgitlSc^ " 0 0 \ 0 1 

"10^ "1 I'lw^lC^^So ^/S:. CCO;^^y-&>'l- 
WigXIimi^^a^ 4 a . 4 b n^-r^^\^mi^^(D± 

4 a. 4 b(7?S^<;oSaH^^lcH»fiFL/j:v\ L;^;iSo 

m^Sffig4a. 4 bcom^^co3g^^|:iJ:5i§i'3* 
(over-erase) flRSih^tl. ^tbtC J: !9 Jlm^lw^e(a-^- 
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»(*:;^^y SrHm-et-So m^^SS^ 4 a *3 J:t/4 b *i 

c V D ffii^ J: 6 mmwmmt] o s v ^ y v^ii:M-e« 
fiS:-rti«cfcv\ v^y ='>^^<tmogitfcw^.fmi^}s®ip^4 
\:im^i:wm-r^z t x\ Tnmmim(r>mm^mm^^ 

m^-r^^. V- y i^mitmm^mm^^- 4 n m~ i in 

>M<b^(7)|ISfl^tt 1 0 n maS/.ecox. ES^ h 
/v- (DT) aAtRje$tb/jri\ L;fe:;5ioX. m^<0^ 

[0 0 3 0] ^^m<om2(omm(ommz.^^y^m^^ 

LDD«atSr«fiKUTV>-5;dS. i^:/^//^ K l^-f 

m^i.xhx\^\ m2y-hmmmi 4n'm^wmm4 

a -4 bK(?Dy-iJ^^|»ih-r5;65. 3t^;tf^v-y ^i^'K 

1 4(c:^i^^m^^W■r6^Jl®?{fc:Jm^^v^t^^^. ^-r^ 

LTI;t^tx.r^T i O 2. Ta 205. AI2O5. P 

[00 3 1] »CtC. *%P^</)m 2 cO|li£0?i^^iC>»S^ 
}*^P<^y <7)»)m-OV^Tl2!l 1^3<tt501 2^^V^ 

i±;^^V(Dmmmx^^^ 1211211. m^wji^^wim-r 
^^m^i±:^^V(ommmx^^. mi i^^i^-rx^ 

tc. 7<^yir/^coS#5^.^^j;iH. y-hGldT-SV 

^ (CHE) X«^S: KL--f :x^«cffllJ(7)mi«f^«Ji4 b 

|:i^A-f'5o y-:^^««<7)m^^S«g4 a (cm^-^^ 

Ai-6S-&twfl. Ki^-fVD. y-:^S^n^*ntc:BiJUP 

-r'5®ESrJifE(^»^<!rAn«lxn«^SVNo 

y ir>'K?DtN*ji. [§11 2(w^-rj:p|;i. y-hGJc«m 

JE ( 5V) ^RiJbPL. ^7^— . y yv/ hvs^i^. 

(FN) ly^^i^mm^mm v^xwrnwrnm 4 a . 4 

b;5-t)m^*:§l^a< C<J:XtT*:>H6o ^ft. y- hS 
11 3 ^ y -ferywx^^Snxi^'SS^tcifl. 

ti e> ^ ^ y -t /i-Tt)^ b Pl^lcm^*: 5 1 # < C ^ ;dSX # 

1 ^iBimte^-rntf p®¥»«5:stRi(75m 
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i($-mm& (Floating) t-ttllfl. KW-r :^DWj<7?S^« 

[0 0 3 2] y 7« ^ y ir/V-O^g 
h G ^ p 1 miZ 1 0 V^S^PPJUn L. F N 

[0 0 3 3] *fc[il7?:|iL/c^V>;5^ p< ^ y iryKD^^^tB 

[0 0 3 4] m^. ^^m(Dm2(Dmm(Djf^m\^^^^^ 
mitm^mmi^. 1 0 n mum(Dm 1 h*6/^Bi 1 3 

Sffi^t^Xltf J VD (Jet-Vapor-Deposition) fe-Cf? 
9o J VDTfel:ioV>Tfl7ti:;t(^#%:SCi^ fT. P. Ma, 30 
IEEE Transactions on Electron Devices, Volume 45 N 
umber 3. March 1998 p680j J;ifBScStt'5o ^ 1 h 

*r 6o ii^v J V D fcir i; t) miK^^atg;^ ^^/J^ ^ I ^ V- y 

VSfkJK^«ffl 1 0 n mSffiO^ 3 h^SflS 

1 5^?g^-r6o 

10 0 3 51 ifklC. 014 [ZLTT^-t^ 0 P 
tS 1 Affile L P C V DfttC J: t) n Ttfi p S^Mife* 
K-:/U;^c5 0-2 5 0 nmmir<0#^ig^pv-y :3>-J^^ 40 

mil3^-7;^^ i: L-cy"-^®i|S:fe^ir/ Ku-f 

j^fijc-re^jaccD p 1 (Dmm<^m i his 

[0 0 3 6] HI 1 5 i-T^-rx 5 m^sa^?i^ 
2^- hmmmi 4(o=^y^i^^m&t^±^\i^^y'}^i^ 50 
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^m^m^^xm2^- vt&mmi 4(o^^^mw.^\^^ 
'mm(Dwmx\'t. mi^-hmtmi ^^^x^xy^m^y- 

[00 3 7] ISktc. mie ic^-r J: p tc, pS^Wi*:S 
« 1 ^ffitv L p c V D jfetw J: 19 ^ '> y 

=^ 1 8 ^m^wmm'mfS.(ofz.}sb(D^m i 7 

^lcSJ^)i2i^n^ct ^l^i^S-r-So ^LT. (§11 7 1::^ 
-TctpCl. pli4^#<*:StSl:^®l-^LXR I ElCj;-5 
«?S«ffllB;ticoiBv>vy =iv 

[00 3 8] El 1 8 tc^i- J: 5 p S^#«s:S 

*s 1 ±m\^mi\Lm i e ufc^. ^-^mow^mcD n 

~^fe»S 1 0 ^W^^ir^. n -MteifeS l 0 

<^^AL. ^(o'^<D^Mm\:i^oxmxi.fc^m^^m 
[0 0 3 9] m 1 sid^i-j; 51-. hmi^3 

mommco n 1 1 ^?f^^i"6o n +M*ASfeJi 

1 lli^;?t->-^Afi^*SlwJ: t)^- i>m<S3^3cto*-y--r K 

^(Dm.(^m^m\^^^x^K\^itp^mm^f^m\:rr 
[0040] pm^m{^w^\(D^m\^owi^m 

m8i343j:t/n 1 1 •tn^'tti^^ffiJcfajSi.S 

^Mv^y-y--r Kx«i*$ix5^mJii 2^?i^^-rso m 

[0 0 4 1 ] /cC*3\ BI^flU/j:i^;i^ lai 0(D?^^])± 

^mMf&jiM. ^^°5/v'-<^v-3 ^-flijf^^xa 
m(om'^<ocMosm^:rM^m(k&x. mm^t^^w 

[0 0 4 2] *«W<oB2^ffiOfl^^x 

fi. mi^^S^4 aib^ci:05 4 b^y- hmil3(7Df^«<^) 
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[0 0 4 3] ^fc. m#SS@4 a JoJ:t/4 bco^-r^ 
-5. ^m;iJ:t)> mflfSaJi4 a5oJ:t/4 b«r^|^t-gE 

mx^ ^ UT. m^ssji 4 a 4 b 2 y- h 

^,»J!gi 4i;ii:oTm^6<ji;i^^(c5^fit$ix6<7)T% m lo 

i^sss 1 4 a ^ 1 4 b r^com^i^mnm::. $ 

ibtw. missis 4 8*5^:0^4 bfi. :/-:^mm. KL^ 

nMBMmm^\^^%^. l.ti7^>oX. :L<D^^(Dy- 20 
[0 0 4 4] ir/W«3tf^ii^C0CMOSXST* 

[0 0 4 5] (m3(^)iijte(7)?i^®) :^^m<Dms 
f^. Ell otc:^ufc^2(^iiM<D?i^ffitcib^i^T. mi^ 

mm(omm\^»^^^m^i^^^mi*^?^ ^ y ^ y ir/^o 
mm:^m^. mi sjbmmi s^^mi^xmrn-r^. 
[0 0 4 6] :^^m(Dms(Dmm(Oj^mii^^^^m^i^ 

^mi^-hmmmi s^mf&'t^o mi^- b^mm 

lymtm^mmi^. 5-1 onmast^f52y- 
mi 4^mfi5t-rho m^x. cwm^j^^ t^v =^:>^st 40 
itm^mm l. 1 0 n mmm(Dm 3 hitei^jK 1 5 s: 
m^i-^ mi 3#fiaj o 

[0 0 4 71 2^1::. p®4^Wf*:SSl^®{^L PCVD 
!3 nM*^c« p m^mi^i: K-:/ L/c 5 O - 2 5 

<^3Srfl^^-r6o jSJtr. hm<§B3 ^ 
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K^-Yais^^^-^-r^ (SI 14 #08) , 

[0 0 4 8] pSit^»(*:S«lSrSfcK<kU. pS! 

com. mi^^S^?i^*c^^c«>03gFBll 7 4rfl^^-r6o 

mi s^^v^msy- h^^mmi 5<t t) tm2y- 

xn. ^ly-bmtmi si^^rjms^-bmmmi 
5 y ^ >^mtmxm^ ^ 2 y- hjfeigtm 1 4 
i^y ^v-Sib^x-m^urvN^o-e, ^n^/^^^j^^Si: l 

m^m 1 4 n^mit^miz x^xm^t/w tmit * n/j: 
\,^(Dx. m2^-h^^m(r>mm{a^mitmnm^:^ti 

RB.) , ^fc. m^wmmmf^<Dt:Lib(D^r^i 7n. =^y 
?i!^^LT^j:v>o ^(r>^^<oxM\tm2iDmM<Dmmtm 

— Xhi>o 

[0 0 4 9] m4<DMm<Dmm) m^. :^mm<Dm4 

<Dmm<Dmm^mm^^o m2on. ^^m(Dm4(Dm 
m(r>f^m\^^^^^mmi^^^mt^;^ ^ y cop<^ y ^/i^mm 
^^■r»r®i2i"cfcSo :^mm(Dm4(Dmm(ommn. ^ 

60 [§12 olc^-TJ: 5lw> *:^B^om4 0Slite(^3?^Slc 
#.^^il^ii>^y <^)>^y-fe:/i-«agXM^> nS^^f* 
S«l Bt^^ffiid^iy-hiteSKl 3^^M.Tf5 2y 

- hte^flMl 4;5Si9:Jt^tt5o ^LT. m2^-Vm^ 
JKl 4(7)(S|iffitClim#SSS4 a. 4 bjiSj}^^$;jx6o 
^2^- hJteigyKl 4*3J:tJ5«iaf»aS4 a. 4b_bJC 

ytmz^-vi&mmi s^it\^x^-v'mM'B.tm\-ih 

y- hmil3 0^iJcS(w«K'(l::Ml 6^^M^T-y->r 

»^9cor35<7)nS4^#(*:^«l Gidfi. ^^^^l, 
M«c;cS-f6^g:^M^SSOp-^t^z:S<cg2 0<b. rco 
P -Wsmm 2 0 60:J1^fiiJ|;i^4:@-r6S5^M^SJffio p + 
§i&»S2 lidSfflflt^n-So y- hSffiS jBj;ap +S 
2 1 -?:tt^'^x<o^®tcfi»mS i 2 ^i^^Jt e>tL 

[0 0 5 0] *«|P>^<^B4c^^Jfi(?50««rfil6^ 

fllM'tt;^^y^oSIf^lcov^T[2l2 lib^J:t/(§|2 2^ffiv> 
Ti5i0>^'t-'5o 1212 in. H^i^^^^^ttf^Sriai^-r^^if^ 
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GiwtesjE (--sv) $rfn*PL. FNmsesr*ij^LT 

[0 0 5 1] *:^MoSf2(0 

[0 0 5 2] i^fc.m7T^\t\^t^\^^t>. 
m-t^hiDx^h^o y— ^s. Ku-r ^Do^*^be>i->'< 

il«-t-ttrJ J:>\ mWW^m 4aioJ:t/4b04 OiDS 
Si^ffil-J:oT4o(7)^/^6ll:ilf^SS#ii;iS4f ^;JX. ^ 30 
m-ct t) 10(^ir/W-C2 fc'iy h5><^1t^^lEttX# -So 

fl^^Xfi. Ctte>^i22leISS^«^-f 6MOS h7>v?^ 
^ 2 —IS 4 (0*JfiO?S^<e<0;^ ^ -feyw 

i^<^«5t^^i-»Tffiiaxfc6o B2 Slc^-TJ: * 
^?^t7)M5 0||JScofl^ffilCj:ixtf. ir/v h7>^v^ 

(;^^y-tryUT r) fiJL^IC^J^- h;te,»J^<7)S/jrS 7 
«iliOMOS h7V>?^^ (Trl-Tr?) SrHmX 
#€>a ^J^*3> BI2 3C0;><^y ir/i' h^Vv^^^^^^Ell 0 
l;i:?n:Lfc;^^y iryl- h7^^v>;^^Xfc'5o :^fc. MOS 
h7>>^;^^T r I'-T r 7 fii--<X n ^MO S h7> 



ifelfc^i 0 4b^J:^/n+Mte»gi 1. «msi 2 1^121® 
4:a:S<'t-6fc*!){C^!ilSLTfc6o MOS h^Vv?;^^ 
T r I'-T r 7 l^oV^X t I^I^T^^o 
[0 0 5 41 13 2 3IC^L/cMOS 

<7)Siit;&&^(il2 4;!?MI213 o^^v>-ci5t0>q'f-ao 
IS2 4tc^-r j:5Jc:. pS¥^»#:Sfil^®twj VDffi 

1 onmms<?3miy-bjte^mi 3^«Afe-r6o ^1 
(om 1 hite^M 1 3 ^R^^-r-So ^ uxgi 2 5 

cvD&ic<fcf9 '>y ^v^^bH^^^SL^ 5 

- 1 0 n mmm(om 2 1 4 srj^fig-f-^, m 

2y- hJfeigiMl 4?(^^^. K3ta«*5<tt5K^-^^iy 
^>'i5^S*Stw<tl9-a5<^^«i«(75^2y-h;te^]^l 4^ 

e^*-r6o «!v>Tia2 6(c^-rj: 5{-. jwrn^x*) 

mmwmm:h<Dyh^\.^i^v =^:ymitm^mmi^. 1 0 n 
mmg<?5^3<>'- hjfe^Mi 5^?i^^«i-^o msy-h 

^Ptd J: 19 3 hte;^^ 1 5 ^^^i- 

6. c(Dci:5»wLTiiiy- hmmmi 3. ^2^- h 

[00 5 5] (21 2 7 iC^-r J: P id. pS^^f*:^ 

4Kl^ffilCLPCVDfc(dct 19 nm^it\tpm^i^^^ 
K— 7'Uyh5 0—2 5 0 nm^S<?5#^^^'>y Vfll^ 

^y-iryw K^vi^^^s MO S h "7 ^ti^*ti<D 
y-^^«c4b*cfc t/ K i^-r :/giiac^?l^^t- -SMSct^ p 
*ft5:S« 1 O^ffieom 1 y- h^iS^ffll 13. h 

[0 0 5 6] JSfclC, |gl 2 8 IC^-r J: 5 iCl. MO S h 7 >- 
v>;^^T r 1-T r 7 «r?g^-r-5ffl«<^:7;^. h Uiy:^ h 

-fblKl 3*5j:i/f^3y- hJKj&Kl 5 t>»2>5^-h 
JfejgUKi 4CD3l^,^>'^$^jK;SS;^c#v^t<DSr^^J^•t-So 

i:^fSL^^mWL(Om 2 hJfei^ 1 4 

xmf&\^. »2y-h^j!gi 4^v-y =ivK^kjK-e« 

^LTV>6a?-e. =^y^:y^mtV.X\ttLt^\^^ >ym 
^^ffiv>n(^J:v\ ^LT. lg|2 9lc^-f J: 5 ic:. pM 
1 L P c V D&t;i J: t) mi?fSSIIE:^^o 
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0 {ZTjk-tx b td. p ^^m^m^ 1 ^m^n lt r i e 
[0 0 5 7] :^^m(oms(D'mm<ow^mz^h.\^. ai/? 

S h^^^v^^^T r 1— T r 7 coy— hm-SSfil^— 
^xaT'?l^^$n'5o L/c;OSoT. y ^ V :^ ^ (DitLW. 
[0 0 5 8] (|g 6 *:^|^(r)^6 

S^-ttp^^y co^^yir/wflljg^^-r^rSpIgl. 1213 2 

X-*)5o I2I3 l(D^iS^<47<^y ^1213 2 0fii^i47<^ 
[0 0 5 9] (A) ^ff^+^p^^y 30 

(3 3 1 ir^t-ct z.<DmQ(DmM^mm\z^^^^n 

^ttTf^y coT'^y-feyuf^n^MOS hv:yiy:^^x-m 
^^ti^o ^ux. r<^^»^tt;^^y (^;^^y -t/i^W 

1 3^^LXm2y- hite^mm 4;ii^lSJt^n-5. 

hl&mm 1 4 <30f^jiffiJ:i|imffirSfflJl 4 (4a. 4 

b) ;ei5?i^;s$tt6o m2^-h^mmi 4^xxfmmw 

K -/v-:^-<-f- 9 OTflJtT:* p 1 CQ^® 

g 1 0 <i: . Z<Dn 1 0 <7)^WitCffiBr-6ffi^ 

2;iSS9:Jte>n5o 

[0 0 6 0] :^^m(Dme(r>mmcDmm\:i^^^^m^'(^ 
^^y co^^y ir/wi. y-;^®iffi*3j;t/ Ki^-r 

«:ffi^*e«^«JK<D n "'StetScS lot n 



2001-156188 

20 

UT. hte.^^;5^miO>J^-hjte,^BIl 3 (T 

(4 a. 4 b) ^mi2S.^n^o :i(0 2o<Dm^wmm4 

a*5<l:t/4 b«rm^*r«aL. ^(OWmV^Bi^ (1) « 

^^^s^4a. 4 b£Ol,^■rm>m^^r^auTv^/«fl^« 
ffis (2) m^wmm4 a(D7^t}m^^wmi^x\^^^^ 

(3) m^«a^4 b(D;9^dsm^^s«L.Tvv-5i* 

(4) m^wnm4a. 4 b^i;im^^sauTVN 

-5t»t^. (7)4oot^S^t t)#-5„ :i(02ocom^SS 
^4 a*5J:t/4 blc:{5iS:1^$nfc«^<D#*iHcJ:oT^i: 
6U#v^^Ifm/£^7:)^^b5>^l51g^W^co "oo*. "O 
1\ "10-'. "1 l-'lcm^-^^o *Vc. CO^^ 

y ±^\-mmxnmr^wmm 4 n^-r^^i-migi,fi&uo:>±:^ 

m4<Dm.^(Om^&\ZXi>mm^ (over-erase) «:B5ih 

^n«c:J:t)ili'^^{;iie®-rsy-i5'^a. ^T'n-r 

^wmm4ncvDm:ix^m^wmmt}(7:>m\^^^>v 

hx^ho ^tc. i^v='^^m. ^i^^B^^v =^:^mxmfS, 
-rtitf^m^mmx^ $ ^1-. mi hSfeisiiK 1 
3. ms^- b^mmi s^rv-y (s i 02 

m) (r>2mu&<ommm^^ir^iyv =^^^mitm (s i 
3N4IK) xmfS.'tti^. i^v='i^mitmi^i»mm7!>^4 
nm-i 1 nmumco^'M\cm\^^^- h^mm^^^i. 
xmm.xt^ fc t y :=> i^mtmt^ummf)- 5 n 

mc^) y =1 :/^>ft:flMcO|ISflIi^|l 1 0 n mmj^^cf <7DT% 
iES^h>'^>'U (DT) iiAt»jB$tL^irv\ bfcd^o 

[00 6 1] :^^m(Dm 6 (7)|IJ^(^Ji^^(d>K^T»^tt 
^•=ey 0 7<^y-trywxfl. y-;^®*£4b^J;t5 Ku-r 

m(^mmi^±(D @ «)X n "Mitt^e 1 0 ^^»t. L D D 

K ^^SigX y - m«c*5 J: K u-r >'«i«^«;^ic L 

Tti<tV\ m2</- h;te.m^l 4lim#^Se4 a -4 
bPp1<Dy-i^SrESJl:'f--5;5^ /c t xitf V y = vS^^kJKX 
t;6SXt ^2y- h*&,^^l 4(c 

^^(ommBm^^^fi\±x^^^ ^mmitmtLxn 

fci:x.f^T i02. Ta205.Al 2^5- PZT. 
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[006 2] ^^m<nm6(Dmm(Dmmf>^»^^^ 

sfft«T- (CHE) x-m^-^ Ku-ofiiSciiyt^^mi^^ss lo 
4 b {;iaA-r^o y-^ffiii8c^'j(?^mi^^«g 4 b i^m^ 

( — 5v) ^HiJtJOU. yr ' y (f 

N) a h i^-=^/^mSE^f«Jffi LXm^^^aS 4a. 4 b 

mffi (Floating) ^-rm^. h*i->fi^m^m<Dmwwn 

[0 0 6 3] "fe/KO##3i;z^tt. ^^yir/l'COm 

hG^pM^^<*:S«l^(;il 0Vait^a3;bPU. FN 30 

K G;55^iii-5ltl&0;^ ^ y -feyt-lClilelBtl^im 
[0 0 6 4] ^fc|II^IlL/^V^;5^ ;^ ^ y -feyl-Ofg^m 

Lti. y— <!: Kt--r vDoreT^jan-sBS^tULm-iff 

Srft^-f 5Ci:r-fT*3tt5o m^?r»aB4 a. 4 b OS 

ffi4^^;cj;oxy-;^€iiiSc. k :^fii«ci£^oiigSg 

S«^;-J:oT4o(7)S<f5mSSe^#tt;65#6n. ^ 

[0 0 6 5] (B) »%tty^y 
El 3 2 {ZTT^-r^ b 6 <omM<owm\^^^^ 

4 (omm^n. m s i <o^m^i±^ ^ev t mm. mmw so 



mm4 (4c. 4d) 

4 c;fc*J:U^4 d;5S h>'^>'^*feg^^2 3S:^UTp§!*« 
flsSffi 1 C)^®±(c:BE@$tL5,^;!i5I3 3 1 (D^m^i^;^ 

^vtn^^ji^o m2>!f-bmmmi 4^xrj^m.^wm 

hti^o hSffi 3 <Dmm\znmitm i e 

LTi^-r K!>;i-— /^^-<— !^9;ei5^}t«bix> :i(7:>-y--r K 
^7;^--yu><.-<-1^ 9 oTfflJco pS!¥^#(*:Sts 1 

^xxfn milium 1 1 'tti^ti<Dmmiz\^mmm 1 2 

[0 0 6 6] *MB.^«7)^6(7)|lig(7)fl^ffi;c:#^»^f4;^ 

i&^f^i^mm<o n 1 0 i: m^m^»mfo n + 

X. ^-bi&mm^-m2(D^-bi^mmi 4. hi^^/u 

m2>y- b^mm 1 4 (Dm^matm^mmm 4 ^mi^ 
:^tiho z(D2-D<Dm.^^mm4 ci6xrj4 d\:^m^%: 
^siL. ^(Dwmvtmn (d mi^ssM4c. 4d<^ 
v^-fnt>m-7-^sauTv^/.cvN<^ffi. (2) «^sa^ 
4 cco;^f;65®^^^SLxv^^:t^^. (3) m^wmm 
4 d(D^r^m.^^wm\^x\^^^:i^m. (4) mwsa^ 

4 c. 4 d*icm^^S:S^LTV^^«ffi> 0 4 00^^^ 
<^^94#5c cco2o(Dm?^Sa^4 c:}b^J:t54 d 

^i-^iaitisso "oo^ «oi\ "io\ "ii'tc 

4n^'Y^/i-m^i^^(^±yj\utLm-r^(DX\ ^-^^^u 

(over-erase) JiBSUb^ti. -^ni-J: 19 iSl'N^t;:: 

fi^i:#^.^i/\ ^fc. y-^m*a<b Ku><:/mw«i<^y 
-^mm-x^- bm&(D:^x*itiMx^s mmmi^<ow^ 

tip<^y ^HS-T'^So «^»»WS4«CVDffiJc:j:6 

(Si 3N4M) "csj^-rntf. v-y^j^i 

5 n m<D i/})^ V'S^bJSOllir^tt 1 0 n mSS^j: 
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(DX\ ilSh:/-^/^ (DT) mXi,mm^ti^J:\^\ Lfc 

[0 0 6 71 :^mm(om 6 (ommcommi^^^^m^i^;^ 

<^ij/ErSl±0@WT-n 1 O^^tt. LDD« 

t>J:v\ may- hJfeig^Ki 4(im#Sffle4 c -4 d 10 

<i:x(^T iOg. TagOs. AI2O5. PZT. S 

[0 0 6 8) :^^m(7^m6(^^m(owm\z^^^^^^^ 

T-*?l^^n. ^-r^^ iy^R AMiCi|3jt$:H5 1 O O n 
1. 5 nmaS<7)#^«t-m^y- h^JgUK^^^Ur^ 

x\ mmn^mri^(or'-^^i^itmmx^^o u^^l. 

f^lC^i^<Pp1Jii/J:V^i:%;tSo COCtfi. C.H-J.Wann 
^jc:J;oT1996IEDM digest p. 867(^1:^ ^ttXV^So 

[0 0 6 9] ;^^v±/^<Dm^j2^^ny—^m^t h'^ 
fc>tL6o mw«a®4c. 4 d(;oss^ytffil-J:ory- 
v\ m^^S^4 cib^J:t/4 dco4o(0^a4^^(wj:o 
T4o(OS/jr-5m«£e3i1#tt;55#t)n. ^nici D lo 

[0 0 7 0] ^P^ld. *^P^(^m6(7)|llfe(OJf^^{c:>^6 

^^tt^^yn. m^Sffl^4 ci6j:t/4 dicm^^^ 

AU/j:ttn*^. ii^(^MOS UXibf^^ 
[0 0 7 1] (C) Jlt/fll^ttSffi^ ^ y <^ 
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ib^ J:U^»^tt^ ^ y (7);^ ^ y ■tr>'K^)Si3g;^&S:ia 3 5 7!; 

mm4 3itisxrjm4 47bmm5 2i:m\^^xmM'i-^o m 

3 5 7!7SBI4 3H. *:%0>^O^6O||fficO?i^^(C>ff.e^ 

(0 0 71 2] ^-flS3 5jb^J:t/lll4 4lc:7r:i"J;?tic:. p 
ibK^^flL. 1 0 nmSS<^miy- hiffijRflll 3^ 

^1 hte^^flii 3^^m. igi3 5o^» 

^i4p<^y ?f^^ffiiS<^/c<b;t«>':^ hUv?^ hXSv\ 
ID 4 4 ^ y ?i^fi)c;^«c<7)|| 1 hite/^fl^ 1 3 

1 3^13 3 5(D^»^i4;^-ty?f^^®iS(0;t^iwJg^$;h. 

So m^Sr»ffltB:/3<7)/h$iN'>y 

^Xf^ J VD&XfT5>o 

[0 0 7 3] 0 3 6*3J;t/lil4 5i;i^-rJ: 5t-. 
C V D i^J- J; f9 V y =1 ^^K^kK^ p ® S« i ^ffi 

twitfilL. 5-1 0 nm^fft7)||2y- h*fe.S^^l 4^ 

i^v^'^mtfm^mmi^. i o nmas corns nte 

^ffi*Sc(w|^mi. |g2*5j:U?^3<75y- hiffe^flil 3, 

14, I siimii^^n. m4 s(Dm^i^?^^vm^mm 
\z^m2^xxj^ms^-b^mmi 4, ist^m^^ti 

So 

[0 0 7 4] ms 7$BXXfm4 6{C^-ri:5«-. 

p^¥^»<*S«l^®l-L PCVD?ilCj:t) nSI^/cfl 
pS^Jlsfi^^ K— :7^U7t 5 0—2 5 0 nmU^(D^^^ 

^y?i^fi8:ffi*sxfi. y— ^SiiSii5j:u?Ku-r v^*ic^?i^ 

^13. ^2^- hlte^JKl 4*3i;U?m3>5^- hJfej&M 
1 5*iBS'g'W;c: K^-r^ty^^/^/'t-So -:^> 1^4 
6 O^S^tt;^ ^ y ?^^®«cXMi . B 2 y- h *fe)&Bg 1 4 

[0 0 7 5] 0 3 8 jb^J:t)^(gl4 7 {ZTjk-r X ^ 

1 5 ^^2^- bn&mm:! 4<DnLsy^iy^^^mt)^^ 
^\^^:r.y^:y^m^m\^^xm2y- hmmmi 4(DiQp 

3 8 (o^Fwrni^^ y mfS.m^<^nww^m^fS.(ofci^ 

(D^m 1 7 J;t/Bl 4 7 oli^i^p< ^ y J^^MiScT^m^ 
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[0 0 7 6] ^5^;::. (113 9$Dj:r/IlI4 8 d^-fct 
p 1 ^® ^^c ^ ;tf^ R T o&i;ict 15 g^fb 

[0 0 7 7] ^felC, 13 4 0:JoJ:t/|gl4 9 Jc^f <t 5 

p®N^«(*:s« 1 L p c vDfttc\t t) m#s«fie 

T. 13 4 1:^5J:U^I215 o|::^i-j:plc. pS^^<^SS 

(4a. 4b. 4c. 4d) ^w^\^w^^ir^. 
[0 0 7 81 »:t-x 13 4 2*Dj:t/lil5 l ic^-TJ: 51^, 

p si^^f*:^^ 1 ^mz.mm. i e ufcm. is^ 20 

n -M&gfcS 1 0 ^?i^^i--5o n "Mi^lgfcS 
1 0(i>r:?f-^^^Aa«l-J: t)^- hmS3^-^;:^^i: L 

[0 0 7 9] (§14 3*5it/Igl5 2tC^-rJ: ^t-. 

X^fzM. -m-^W^mi^o:^ n +§lSASfcg 1 1 ^fl^^-r^o 

J^f^^^AL. ^(Omo^^S(cJ:oXaAb^^Mife 30 
[00 8 0] -eUX. pm^m^W&L\<r>^mVLQ.V'D 

^b^ctt/ElS 2tw^Lyh»^tty^y C0;^^y-fe/W«3ig;dS 40 
[0 0 8 1] fa^^ (2:0^*1 L/jrV^>6S. [§13 l:|3<tt/ig3 

2(o>^y-fe>'W'«iig^^. gF«m^ag?^^xs. 

[0 0 8 2] 5«w^^|^(^^6|life60?KSXH. 
«iafSSJi4 (4 a, 4 b. 4 c. 4d) hmffi 
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Lfc^i^oX. [gl3 l:fcj:t/ia3 2(^;^^yir/i< 

it-^xjjj^if^is^n. *:#iiw3fii/hsnyh^»^t4;^^y 
i3 j:t/i?^t4>f ^ y ^iimx# 

[0 0 8 3] m^^SS4CO^-y^/V'S:^|^]c7)it>S(i, p 
§!¥W**:S« 1 . ^ 1 hite/^^ 1 3 iBi t/^ 3 
V^mmx 5 i:«2>>'- hJteS^IRl 4(7)rciy^^^i5^5tS 

^:fo <t t/^ 5/ ^ ^ ^r«1 CO E^fB d i: o X ^J® X # 
6o m#SS^4^^i*;;ig£Bx#ao ^ 

bX. Ig^Sa® 4 Ffl«m 2 hJtej»K 1 4 {C<fc oX 

m^«ji-^^i-5^si$n5(7)x% m^ss^4fpioDi=es 
e^ii. »i(^)*6j»Ki 3. hi^*/nte»fli2 3. msco 

ite/S^l Sib^izt/ffif^bj^l 6icJ:oX^^i;i*6^$n^ 

(^)X\ m#{«:i^#i4<^ffittfc^»^tt7<^y *5J:t/#^ 
tt^^y^ii*x#5o m^SfflS4«>/-hmffi3o 

$§^SFR/i)-^^i'^/^^«::^r6];c5i^ELX?i^^^n. ia?^s 

J;oXp<^y'fe>'^oDmStte3g«pttJStf^*6o Ufc;65o 

X. ^OglJii^fOy-- h:^:fe-f^O:^^?^f5S#*X«|/h-rn 

i:'9«^^^.^^»^i4p<^y*5 J:t;^»^14p<^y 
[00 8 4] -tr>'V'1»itl^ilS'<7DCMO SXmX^BidH 

X^»M14y ^ y *5 J: t/»^tt;^ ^ y <SrSiitX# 
[0 0 8 5] $?>{r, _hlE(0:f:»%tt;<^y i:»^ti7« 

^yil. ^oS^3tX^(D;>cg^55>;55*il^h:$tlXV^5^0 
X. hX/)-o^V>KitXS«X% ^»^t^p<^y ^ 

[0 0 8 6] /£ib\ *%^(^||6(7)^J£(7)?f^®Xfi. ^ 

1 v^mm 1 3 ^ v- y =1 ^^{bm. ^ 2 h«6,^ 

jffil4^rv^y3>^K<b]K. MS^-hiteiftffil 5S:v'y 
:=':/^{bJKx«/S:LXv>-5;ii^ mi^- hJfeiili^l 3<^ 
v-y^tvK^bm. m2y- hte^^j^i 4^'>y =r:^^fb 

IK. ^ 3 hiteSM 1 5 ^ v- y :^K^bJRX«fi8 LX 
>bav\ r<^S'g^7^c<h;tJ^. ^l-y- hitei^Kl 3(ip 

1 SrS&Kib Ufc 1 0 n maS«^) y 
-fbJKXfll^-^So ^2y- h«5^JKi 4« J VDftt;::J: 
!9«SLfc5-i 0 nmaSom#^Sae;^^<^^g;v^>'y 

m^X. !9 L/cl 0 n y =i >^®&{b^X«AK; 

miSrSffle?l^fi8<^ySi:a6o^rai 70 
Ml'J^- hgf^blil 3:JoJ:t/^3>/- hitfe^^fig 

1 5 4r'>y ^'^'g&^b^xs^u. ^2y-htejg^^i4 

*'>y =2VS^blSX«figUXV>S<?5X% aij/^^^^^^i: 
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[0 0 8 7] mi^mmcowm) »:tw. :^^m<om7 

y iryv-fllit^^-r^ffil^T-^^^o HI 5 3 ^ 10 

y <>r[gI5 4(0}^^f4^^y (6]-^:y:/_bl::^Sc$ 

;h.6t><^X*fc5o 1215 3iC;^r^ll%14p'^y {wOV>T 

[0 0 8 8] 121 5 4 {C^-r J: 5> Id, C (D^ 7 (DmM(om 
ffilC#.-5»^ttp<^y <^^^y -fe/WlnSMOS 

y -fevu^jgr-fi. p ®¥^®f*s« 1 o^ffi±ic h v^/v. 
mti3;ei5^ft^n6o hmfii3(o#jffiicfi^{b^i 

6^:frUTi^-r K!^;**-/^;^-^— !^9;65gS:tt^tL. CCO 
i^-f KC^ai-— yW>^-<— t^9^7)T^FBOpg{i^^*«:StSl<^ 

n +Sii£»Jl 1 1 Xissift f^ixSo h 
m'®3*5j:a^n+S!a:»Sl 1 ^tL^'tb<?5^ffil-«»S 
ji 1 2;JiS|^tte>HSo 

[0 0 8 9] *:^9^<?Dm7(0||Jfi(^?^ffitC>R^S»^tt^ 
^y O^^yir/i-^l. y-^^*§!c*5J:t/Ki^'Y v^«c^ 30 

^g^i^ifeissco n 1 0 1 m^m!^mm(^ n + 

T. HfegUK;5S hi^;t;/witej»JK2 3*3J;t/m4oy 

mmm2 3 ^ii4y- h;fe,^fli2 4(^FB^{cfim?^sa^ 
4e;d5iaa$n6o :i<r>m^wmm4 e\zm^^wm 

"i'»c»;C$-^5>o mffifS«^4 ettCVDjfe»;iJ:5 
SWSafie:^ojiiv>v'y = v^fl:MT-«fiK-rttf^ctv\ 40 
v-y =»^^^t:flg(7)gtt^^w/.^m^^^f«W4^^m^^^S"r 
$ ^4>5^- hffiiafli2 4Srv'y ^i^-gefbj^ (s i 
ogM) o2fga^<7)Rm^SrWi-5'>y 

(s i 3N4K) x-m-rttf^. v-y 

5 n mCO y 3 Vg^b^coUKJR/?!! 1 0 n mSffi^j: 50 



<OX\ m.tib>^^\- (DT) aAtKS$ix^<^V\ Lfc 

[0 0 9 0] :^^m<Dm 7 (Dmm(D^m{^m^m^i^^ 

[00 9 1] :^^mcom7 (Dmm(Dmm\^m^m^\^;^ 
^ y ic4oi>x. m^w^m 4 e (?5Tsn(- h >'^^y^^mm 

2 3^SHUTV^So h>'-*>'V'lfe8UK2 3ttii:»h>4^ 
iJ^-f S/iJ^RAMJC^^jt^n-S 1 0 0 n s JeXT 

[0 0 9 2] ^^mcom7(D^m<Dmm\::i^>^ 

y «ffirSfflJi 4 e 

[0093] :^m^<Dm 7 (Dmm(Dmm\z^^^ 

^ V :lb^ J: t/»^ti^ ^ y coy ^ y ir/v-oSSijg;^ 
jfe^l2l5 5 72;iil2l6 2*5<i:t;?|2l6 3 75^1217 0^ffiV>T 
m^m-r^o 1215 5 7!7^l^6 2fi. 7 

[0 0 9 4] *-fl2|5 5*5J:t/I2|6 3{C;^-r<t p 
Sit^^f*:S«l^®iwm^SfflBg:^CD/h^V>ixy n^-M 

itfm^mm i o n mas^?:)^ i ^- hjfe/^M i 3 
?^^-r5o m^^sate>J^^/^sv^i^y =iv^<t:K(D«a 
ntLt^^jvurnxn^o mi^-h^^mi smfii 
cvDffitiij: t)'>y ^i^^K^bM^iiSL.. 5-10 

S 1 0 n m^CQ^ 3 hteiS^JK 1 5 ^JK^-T 

[00 9 5] (21 5 6 *3 J: 15121 6 4 0 (-^ 

p S^^(^Sffi 1 ^®t- L P C V D^feid J: f9 n Acll 
pS!^i^«3S: K"->^L/c5 0-2 5 0 nmUm,(0^m^B 

e^y rivjSSrisaL^tS. 1215 6o^»^<4y^y?!^^ 
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[0 0 9 6] ftld. 13 5 rid^-TJ; pld, 

mm(Dmmxn. miy-bmitmi zisxi/msy- 
^j:v\ 1216 sic^-t-jz^ic, m^^?^^vmf2^ 

[0 0 9 7] El 5 8*Dj:t/|l|6 6{c::T^-r<t 

P m^mi^m^ l ^©^fc <»: ;tf^ R T om^ J: 19 t-iES 

v-y =3>^-(b:Mi 8^^s-r6o z<Dm. m^wmmm 

^ur. HI 5 9 (^^-rJ: 5 (c> 

<4p<^y?i^^®«cT-ii, pm^mi^mmi^mii^Mi.x 

a. 4 b) S:JI^J«-r^o me 7(Dm^i^?^'^V 

m^mmt. yurVy^i^:^ V^Wk:>f\^X^^ . v-y =iV 

[0 0 9 8] v-y ^:ym\Lm \ Z(r>=^y^i^^^^'^^ 

So ^<7)efe^fl, 116 7^D«^tt;^^yJi^^®«c^:7;^- 
hUv?>^hT•ffiV\ 0 5 9co^«r^tt^^y?^^ffligc(c 
^a^n/cm4y- hitejaiK2 4Srnisy^>>r-rsr ^ 

10 0 9 9] WiC. El 6 8 tC:^-r J: 5 p 
« 1 ^®tr L P C V DfeJC J; 9 n S!^ p S:T:*e«>S: 
K-^UybS 0-2 5 0 nm^O^jg^'Vy n :/J^^ 
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3 a ^Ji^i^K-f 6o jj^VNT^^*- hm^iS a ^aiiy^^/>/-7 

p 1 h :y^tv^mm 2 3 . 

m^SS[^4 ^^^U%4^- hiteji^^2 4^@ Bs-a^ 
WI-K7-<^iy^>i/i-5o ^ y Jl^^ 

'<T^^LTt>av^L. hm^S3^:l'a•iPii:-C^^^- 
[0 10 0] ^feic, 0 6 l:|oJ;t/0 6 9lw^-f-J: 9 t-, 
10 p m.^m^msi 1 ^ffitd^^bJK 1 6 <g;^ 

j^ifessc^ n -^mmm i o ^fi^^-r So n "-m^.'^m 

1 Ott-r;d->'i^AS$Sl-J: tjy- hmffi3 ^-^^^5^ <!: U 

[0 10 1] ^^ici. 0 6 2*5J:t/0 7 0(c:^-t-i: 
Lfc^. iK^ii3ef^iS^c7)n+Mfe»gl l^Jf^^-r-So 

n+Steife^i if^-r:r^-^Afi^#ri;iJ:l9y- hmfia3 
20 Sfiife^^AU. -€:<o^co»^a(wJ:oT^AUfc^3«ife 
[0102] Xfei::. pM¥^^fls:St£lo^mccvDffi 

j\^vfi}:(o'mi^^mm-k^n\^. m^^x. pm^^<*: 

Sffi3*5j:t/n 1 1 ^n^*^xo^®(c:fSi»,« 

^Jll'>y•^^-r. Kx-«^$tL6«mJii 2^fl^^-rSo « 
m^i 2m^^iks ±t^i^j.^<^mm{^mofzmi^jt^(Dmm 
.^^^^^-rtii-^. 0 5 3 tc;^ i^tc^m^i^^ ^ y *5 

30 ,t t;50 5 4 tc^ L^c»^tt;^ ^ y O0p« ^ y -feyl'Wig;^^^ 
[0 10 3] 0:^t:j:L/j:i^;i5^ 0 5 3 J: 1/0 5 4(0?^ 

So 

[0104] 7 cO||JSO?i^^-CJ^. m 1 

hJ&maii 3^v-y riv^ft:^, ^2^- hJteigt^l 4 
40 v-y =1 >Sf{fc:K. m 3 hjtel»JK 1 5 «: y 

>'g^<b^. m2y- btt&mmi 4i:i^v ^^'i^mtm. m 

3 h iteBK 1 5 Sr y 3 >-KYbJKt?«}^ u X t a 

l\ C:(^«^yhar;tJ^. mi</- h/te,&Ml 3flpM¥ 

mf^mm i ^f^®?^b l/ci o n m^so'V y ^-^^fbm 

« 5 - 1 0 n m^com^W^mti <Oi&\i ^i^V 

xommLtii On mu&(Di^ y :ymitmxm^&'tti 
50 m^wmsf^^<otiib(D^mi 7<Dmf& 
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[0 10 5] :^^m(om6i6xxfm7(Dmm<Dmmx 
[0 10 61 {ms(Dmm(Dmm) *^§^^7)*8 

Jitc:iS^tc:*j:^^L/.^v\ :7 n-^^f h«i^o 

(S.Ogura, 1998IEDM, p987, 5 7 8 0 3 

4 1-^) , L.t}^l.fj:^^h. Z<Dmmxn. ^^—7-^1^ 

[0107] [g 7 1 8 (Dmm<omm\^m 

-feyvowjg-r?^. p m^mi^&m 1 eo^® tr m 1 h 
So B 2 hiifeii^^ 1 4 o^iiss;;ifim^^ss^ 4 a . 

4 b;55j|^^$^^^ ^2<>*~ h^&H^JKl 4*5J:t/mi?fS 
aS4a. 4 b±JcW||3y- hiteiSmi S^^hUT^S^ 

- hm<s3;osis:tt^nso hm^3<Dmm\^nmit 

C 0•t^>r K — 1^ 9 OTSP<Z) p S^^^fl^SS 40 

»ji 1 0 i:. c<^n -sitesfcji 1 0 (D^m^u^m^^m 
n 1 1 i^m^f h^^. h« 

ffi3:ib^J:t/n +MS£ifc® 1 1 -ttL-^'ixt^S^I-^^SJi 
[0 10 8] $iblC. *:^P^OM8(^>|li£(7)?l^«ilc:#,S 

^#^tt*^#«^>^y cD;<^y-fe:/vfli3g-efi. ^^^/v 
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[0 10 9] :*:^§^(0^8 0^Jfeco?i^Si-#.S^if^tt 

iji^ftcpt^y o^^yir/w«. y-;^fil«t*5J:t/KU'-f 

>'ffl«^ig:^Mi^«S^7D n -^tetfeg 1 0 t M^'^^m 
m<Dn'^mi&Wcmi IXS^U^cLDDSag^SrWUXV^ 
6o -^ryr. >5^-h«&^M;0S^iy-htejg:Kl 3 (T 

himmie {±m) /}-h^j:^smmmmxmf^^ti. 
m2^- bmBmi 4(7^m<ismatm.wwmm4 a^sj: 

1/4 b;iS?g^§n-5o CO 2 0(^S1^«aiJi 4 a i3 JlO? 

4bicm^^^ssu ^coss4^®ji (1) m.^wmm 

4 a. 4 b^OV^-fttt>1l;T-^SaLXV^/.^V^^^^. 

(2) m^^sg4 a(o;9';osm^^sabxv^s^^«. 

(3) m,^wmm4h(D:^r^m^^wmi^x\^^^n^m. 

(4) miSfSSB4a. 4 b^|c:m^^SSLTV^-54^ 
W4o<^ttffi^i:<9#eo c<7)2ocDm^SrSSIJl4 

a *3J:t/4 b (c:(*l^$nfc«^co;t«H-<t o-c4feC5 L 
#v^flgmEE<?5^<k:5^^IEffitlf«(^ "0 o\ "0 i\ 

"10*. "1 l"t^^iCS-^So ^fc. Cc^;^^yir/W 
«igT-ttffi:ffifS«S 4 a . 4 b ll^-v^^/V^SciffigBc^i 

n^-r^y^m^<o:^f^(^&^<^^Xdi:^ t) . 

4 a. 4 b(?Dm^<7>*ajRffi«-»^¥L/jrV\ L^hTJlSo 

T. m^^^fflS4a. 4 bomT-coia^S{cJ:Si^r^^ 

(over-erase) JlBSjh^iX. -^tLlC J: t) igm^lwSeS-r 

m»^^v ^mm,x^^o m^?fsa^4 a*5^c/4 bw 

c VDj!fctc:J:-5m^»^atl;^(^i«v^i^y ^^^S^tJSxW 

ffiiatx^So ^^(^. ^1 h/te;#flii 3. msy- 
bimmi s^v-y :=« vg&jbflg (s i o 2ai) co2f§m 
s<oRm*^«-t-5>^y ^v^-fkK (Si 3N4K) X 

S^-rtlf^s V- y ^SS^tajftSfM^;^^ 4 nm-l In 
60 yt^bjtffv^y ='^^K{bJK«lSJKffdS5nm(7)ixy3 

>mtm(Dmmmmi-ii i o n mSig^jttT^x. mm h 

(DT) ttAt^jg^^n^tV^ bfc;i5oT. 
AttW»f^^<7)®EtH£«m^t:*n. p^^y-feyi-OSSSa 

So 

[0110] *^B>^(7)^8(DllJ£o?i^^tc:^S^»^tt 
^ :ym^(omJE\^±(r> S ^X n "Sfeg^^g 1 0 ^^tt. 
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«;S:LTtJ:v\ m2y-bmmmi 4nm,^wmm4 

LT«/c^;tJ^T i O 2x Ta205. Al P 
ZT. SBT;!i5fcao 

[0 111] :^^m(oms<DmM<ommx^n. y-:^ 
t)^-yj(D?^\c^\-fxh^\^\ 1 t'ix h5>c^it«^ 10 

[0 112] ;2ls:^0^cO^8a)||J£<7)?i^ffi|C#,^^ 
TSiBJ-r^o (§17 2 f^. S^^jZ.^i^lf^^lJ^BJ't-S^S^ 

as. Ki^>f V D 1^4-5 vas^^ix^'HRiJunu. y 

sftm^ (CHE) xm^^h^iy^i^mmmcom^wmm 20 
4bi:i^A-r6o ^-r4^/^^i^2 5;ci^M2 e^^tti^ci 

ic:^^D-r^m/E^iiiac^^^^Aix^x.^xf^fi:V\ - 
G(:i:ftmJE (^ 5V) ^^J!jpl. :7r • y/v-K 

/^-r^ (FN) §1 h :^^>'i-m«^*ijffl uxm^sa^ 4 30 
a. 4hify^hm^^^\^m< ^txni^ti^o -^ti. ^ 

^^X^^o Z(DWr'B^. y->^S. VDt^pS^^^ 
;^S^rfiSmfi (Floating) "fm^ . KU-f^-DfiflCD 

<S'&ic:fiy->^s«;ijE«E^^ADL.. Ku>rvD^^ 40 
(0 1131 *:rc[a:^li L/.ei^;6^ ^^yiryi-(7)gS;z^m 

i:^^'r^ztxrft>ti^o 'mmwmm4a. 4h(DW 

m^-rtii'^x\^\ m^wmm4 a^^xj^4h<D4-D<DW 
m^Mi^xox 4o<Ds^fj:^mmGm^mmhti. ^ 50 
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[0 114] :^^m<nms(Dmm(r>mm\^m^^ 

2^m\^^xwim'r^o ^^m? 4\z7sk'r^o\^. 

^#«s:Stsi ^3is/5->.>/-^^Ci:Tv SM2 6 <£r?g^ 

[0115] (376 J: ^ Iw. p 

1 0 nm^Jgcomiy- hjffe;^mi 3^?i^^^ao 

JVDfeX-tT^o ^ly- h;te.m^l 3?l^i*m. CVD 
&|;iit)'>y ^'VKfbM^it^L. 5-10nmait(O 
^2y- hJteiR^l 4^?^^i--5, iKl>-C J VD&tCj; 

!9m^^«fg;^<^/J^^v^>'y ^rv^ib^^it^u. 10 
n mum<om 3 h»te,mj!i 1 5 ^m^-f^o 

[0116] m? 7 Jc^-t J: 5 pS^*f*:S 

t£l^Sl::L PCVD&{:ii: !9 nM^fclip^^ijsfeife^lr 
K->^Ufc5 0-2 5 0 nmSSO^jeSi/y ^^l^m^ 

-^vt/u. hs«i3^?i^j*-r-5o ilev^r> >$^-h 
w^i&^^m^(opm^mw-mm. i (omm(D^ i hte 

iRJKi3. IS5 2>>^-htei«^l 4*3J:t/||3>^- hteig 

[0117] mi s ic^-Tct 5 1-. mmwmmm 
^<Dtiib(Dmmi 7i:m^^^a :L(r>^mi7n^ mi 

2^- bt&mmi 4(0=r,y^:y^^^t>^^\i^:^iy^>^ 

^m^m\i^xm2y- vt/mmi 4a>^^4:m9im\^^ 
vimmi s^^^}) ^'i^m.itmxm^y^. Ii2y-h^ 

fc. mWSS®?l^^<^/cii)CO?gPBl 1 7H. ^^/-^^ViJ^fK 

[0 118] ^kld. 0 7 9|c:;t^^J:?i(;i. p§}¥^^(*:S 
S 1 ±m\^ L P c V Dfetw J: D mM^n^ti<r>lSi\i^i^ y 

^ v^ftM 1 8 ^'mM'wmmw^f$.<ofz^(D^m i 7 755^ 

rTct^l;!. pS!^»flcS«l^®tC*fLTR I EClJlS 

S;&i*3l^/^:/:^^^TV^. m^^^SStg;^^7)^^v^i/y ;=l> 
S^t:MT«fi)c^Fi^ytm#SSS4 a *5j:t/4 b 

[0 1 1 9] »ciw. 138 llc^-rj:5(-. p®2|^#tt:£ 
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^mi&mm i o i:m^-r^o n -mmfkm i o 

[0 12 01 ms 2(c^-rJ:5»c:, h«S3 

m^mm<o n +M*2;a^ 1 1 «r?^j*-r -5o n 

[0121] ^kl^. P^^^^Sffil<^)^DilwCVDft 

^m^^D-t^ KT-«^$n5»msi 2<^ji^^'r^o m 

[0 12 2] Ig|^«L/j:V>;i^ Ig|7 1 (?D;^^y 

jf^j^xa. gsiia?^^x^. ^N>i/-<^>-3 vflSji^^x^ 
^c^il^ocMOS»i3txa^)i|g»:S-c. 

[0 12 3] C(7)J:5I^. *^0J(7)||8||^SOfl^^r* 

(0 1 2 4] ^fc. m^Wmm4 a^XrJ4 bCO^-r^ 
>'V':^*^f6j(7?i|6li|| 1 hl^mm 1 3 *5 3 h 

mx^ 6o ^ LT. mMwmm 4 a t4hnm2y-h 40 

*fe>^^i 4|;Ii:orm^W^c:^^^^5)'fil$ix-5^^X^ m 

^wmm 1 4 a i: 1 4 bPB^cotaaf^ffitijer ^/c^v\ $ 

e>(-. mi?f«aS4 a$5<tt/4 btty-;^ffi«c. Ku>f 
VgiSJc. ^^'^ hmS3:fc^J:t/^-^^/VMigc^^epJimiO 
ite^^lgl 3:^5j:t/i^3 0ite,m^l 5. mitmi 6lc:J;o 

i^mmi^?^^v ^mmx^ m^wmm4 a^xxf4 

bfiy- hmS3(D«Si5;Ji^P>^^^/wfi|fi!c*f6]t:i3g?£U 
TJi^^Sn. m^W^M4 a^XXf4h<D^ib(0^^^ 
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[0 12 5] iryumittlil^cOCMOSXSX 

j&=27. hx^m^^^mw^^'ev i:mmx^ 

[0126] ^ LT. ^^0^(7)^ 8 (7)||]^coj|^®Xll. 

[0127] (ms (ommcDmm) isfei-. ^^i^o^ 9 
<Dmm<r)mm\^-o\^^xwim-r^o ^^m(oms(omm<D 
wmn. ±.'^(r>m^(o'mm<nmmz^^^x. mi i<om. 
m^mm4 a tmM^mm4hf^\:L^m.^nfzLm2(D^ 
mmi 4i:^mt\.. 2-o(nnM^mm4 a^x.xj4h 

m9<D'mm<Dmm\^^^^^n^\^^m^w?^ ^ y ^ y 
-^/mi^^^-rmmmx^^o 1218 3ic;^-rj:5J-> c 

aS4a. 4 b. iyJ:r/^2(D;tei^^l 4lr«|;tX. m 

[0 12 8] :^^m<r>mB<om:m<omm\zm^^^ 

»^i4p< ^ y <D ^ ^ y -fe/vco$i3t;^fi^I21 8 4 7!;M{21 8 

^-r(2l8 4ic:^-t-i:9l^s ^^^>'V-^*S2 5;5Sji^^$^x 
Sfii«c«:S5:7;r h^i^;^ h/<^->2 7^. pS^» 
«s:Sffii±l^?l^^-f ^LXs 5lc::^-rJ:?>lc:. 
ytcirxJ^R I E&iCctoX. pS^*{*:Sfel ^^^y^ 
>-i/-r6Ci:X% ^^2 6^?g^^-r6o 

[0129] ^fetc. [gi 8 6 ci^-r J: ^ t^> p m^mvfm 

1 0 nmaJS(Omi^- h*6i&Kl 3 4r?^^-r^o 

JVDf:feXtT9o m hffi.^^1 3^^t^> LPC 

vDffitwj; i9mi^^Slte;^(7:>i§v>v'y iii^^'ft^i 8^ 

5-1 0 nmgjS?^fifc-rSo j|SEV>X J VD&lCi t)m^ 
SStg;^CO/J^^V^'>y ='>'^<b^^««L. lOnmS 

[0 1 3 0] 08 7(;i^-rJ:pi;i. pSi|^«ft:S 
«1^®(;::l PC VDfeldJ: t) n^^fct^ p M^ijafii^^ 
:/Lfc5 0'-2 5 0 nmgjgcog&jje^'^y ^^v^^ 

hmffi3«:?l^^i--5o j(Kv>X. y-h 

mM^^-^^^ t Lxy-;^m«t:fe*J:a« KU-Y 
mmiz. i^y ^vg^kflgi 8*3j;t;^ii3y- htt&sflg 

1 S^SBS'&Wlc: K^^3:y^>i/i-^, ;iCX. S 
1^SSg4 f ;5S^^$tt6o 
[0 13 1] 13 8 8JC:^i-J:5«w. p®i|t#«:S 
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-mtj!:mm i o ^mfS.-th, n -miLnm i o n-^ 

[0 1 3 2] ms 9l::^-rj: pd, h«ii3 

*e^SScO n 1 1 ^Bf^-r^o n 

[0133] P§!^»f*:£«l<Otg:ffi(ccvDfe 

m^i 2mfS,m. ±mi^j.^<omm^motc^!^jt^(Dmm 

j^^m^^^-rnn. bis 3«w^L7t;^^yiryW'«3g^s 
[0 13 4] l2i^flU/.tV>;5S^ Ig] 8 3 CO 7< li ir 

^<^)ii«<7)CMOSK3gxa«:Mg»:aT. Sji^W/jr^SI 

[0 13 5] (mi o<Dmm(Dmm) m:^. :^¥t^M<om 
1 o(Dmm(Dmm\^<:>\^^xmm't^o m9 ou. 

xdh^mti-^:itx\ ^-r^^i^m^(omm:i^m&wt 
mctK :i<Dmi o(DmM<of^mxn^ ^-r^^i-mmt: 
^^m»mm\cn{^xmv^mt-f'^:Ltx. 
\^^m^mn^h<Dx^h. ^LT. z<Dmi ocomm 

(0 1 3 6] 1219 Ol;!;^^-^^: C(0;^^y ir/Wip 

mMOS hyl^i^:^^xm^^tl^o ^LT. wCO^l 
0<^^J£o?i^^|w'p^6 7<^y-fe:/uco1^itTli. n^^^ 40 

i^mm 1 9 1 hmmm 1 3 uxm 2 

hitei^J^l 4;55iS:it^tlSo M2y-hte*^flI14 
<7)Si«Jw|im«fSaS4 a. 4b75SJK^§n6o »2y 
- hJfeiiiMl 4:J^J:t;?m^?f^«S4 a. 4b±|;i<m3 
y-hiffeig^flgl 5^;f^LTy- hmei3;55K:tte>nSp 

hSffiSOflMtrWiSf^kJKl 6Sr:frLT-9--f K^^;*- 

-yl.>^-<-i^9;65^fte>n. :rcOi^-< K^J?:^— vV.^^- 
l^gtT^T^FROnM^^^ftcStSl 9lCfi. ^-r^/v^^iacic: 



2001-156188 

38 

12 i;i5|S:tt«bn5o hmig3*5J:t/p+Ml(2:tfcl 
2 1 •^n^-n<DS®t;iH»®S 1 2;5SS9:H'ibtLSo 

[0 13 7] ^e>l^. *^B^Comi 0(O|l5S(7)?i^®lcff. 
6^«^tt^#ft:7«^y c7);^^yir/V'«^T*fi. ^-^4^ 

19. pS*«f*Sffiirt<^«^<^5fftiL:&ip3lc«??sae 

tt^m^(7:)^iA^^;ii5(^]_h-^^^ 

[0138] 1 0 ^mm(Dmm\^m^^m^ 

-r >^®4£Sr®^)Nfi«3ies(^ p -sffiSkg 2 0^ m^mm 
mm(D p +®&efi:g 2 1 xm^ u^fc l d d«5s^*- ux 

m2y- bimm 1 4 of^«s0Pi;id:si5S8!S 4 a 

i:t/4 bicmi^^ssu. ^(7:)S«i^^fi (1) m.nw 
mm4a. 4 b(^v^-mts^^sab-cv^/.cv>t^ffi, 

(3) m^wmm4h(D:^if*-m'f'^wmi^x\^^^i{^m. 

(4) m^^S®4a. 4 b*tcm^^SfflUXV>6<* 

<r>4o(Di^m^t^m^o co2o6o^wss^4 
t\^M&miE(omt^i:m^m^<D -o o^ i^. 

ItitX-lim^^Se 4 a . 4 b ti^^^/W®^iSS^O± 

:^\c{<Lm'f'h(Dx\ '^-r^^\^mm^^^(OL.^\.^mmj£ 
4a. 4h(Dm^(owm^m\^t^^\^^£^\ i^ti^^^ 

T. mW»SJi4a. 4 bcom^t^3@^SJ-J:^iai'g^ 
(over-erase) ttl»Jh$tt> -tixt;:: J: !9 ^fi?g*^-fiSi- 
m'±y-hw£<r>^xmmxt^. mmmi^<o^nm^^ 

#fls:y^y ^HS-t^t^o «^«fSglS4 a*5j:t/4 b« 

cvD&i;iJ:^m^^«H^:^cojgv>v'y 

/c. i^v^^^^m. ^i^^iyv =^>mxmfS.-rtii^^m\c 
mmx^^. ^b\^. miv-ht&^mi 3. msy- 
hummi si:i^v=^>wtitm (s i og^) <302<gs 
jg^T^Mm^^^-r-sv-y ^v-^fbM (s i 3N4Bg) 

Iff^-rn^. y 4 n 1 1 n 

v^'fb^c^SIMflliSH 1 0 n maJS/j:<^)-c% h 
(DT) mAhmM^ti^J^^\ i^tii)^^X^ m'¥'<0&. 
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[0 13 9] 0(D||^fecoji^^(::#.-5^1S^ 
LDD«3tSr«I^LTV>S;d^ v^^i/yw K U'-Y V« 
B4 a-4 bracoy-^J^^BSihi--5;^^ ^cirxLtf'Vy^' 

JKt LT«:fc<!:x.tfT i 0 Ta 205. Al 
2O5. PZT. SBT^^fc^o 

[0 1 4 0] >|s:^p^<?:>^i ocoHifgcofl^^-cfi. y— ^ 
[0 14 1] *:^l^(7)||i 0O3IS6<^)?i^^(;i#.S 

<^ttf^^c:oV^Tlll9 l:Jb^J:t/(E|9 2^ffi 20 
V>Tl^0^-r^o 121 9 1»^. ##j2^^il)f^^t5i0^-r^^» 
^tt>^y(7)H?T®I^T*^So 139 2fi. j'i^tti^^rlft.ig 

Id. ^^yir>'K7)##i2i^^ld|^. >G(d5vm 

blwS&A-rSo ^-^^>'i-M«c2 5tr^M2 e^Sr^ftJtC 
h-Q. m^=-(^aA*-f^ld®^#|S®4 b^5<i£gUrV^ 30 

ig6w^;6ST-#^, y-:^ffi««J(Dm^»fflS4 a tC« 

;^^y-feyK^?N*«> 1119 2lc:^-rj: -5^- h 
(— -5V) ^^;bDL. :7r • y /v^ K 

(FN) mv>^j^^mwL^Mm\^xmmmmm^ 

a. 4 b/i^6S^Sr§l#ft< wi:T-frfc»n6o "^Tt. y 
- hmffi3;&s^JSc<7?y^y-fe/w-e*#snT\/^e»^(w 4o 

fi^-c^^o :i<Dm^^ y-;^s. Ki^-r ^'D^inM*^^ 

ffi 1 omffi ^ f^S^^ ^ iEmiE* Ku-r:/ D(dSi;bDL. y 

-;=^SSr^3Sm{4 (Floating) ^-^tLl^. Kl^-rv-D^iJ 

feS. y-;^SfflijOS1^S«S4 b(?5;t^;!»*P>S^Sr§l# 
a<:©'&ldHy->^S(diEmjES:ai^lDL. Ki^-<i^DSr 

[0 14 2] ^7t|g:^fiL/^l^?5S> 7< ^ y 'fe/W<75g2;^tti 50 
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m^m\^x^x 4o(Dm^j:^mMBm^mmhti. ^ 

[0 14 3 1 ^mm(Dmi 0C0||jB£(O?l^^|d>ff.6 

^W^^^y ^ y (?^y ^ y irywoffiiag;^^^® 9 a Jbmm 
1 0 1 ^^v^Xi5^B>«-^6o ^-fl§19 3tc^-rJ:5lc:. ^ 

[0144] ^SfeiCl, |g! 9 5 J: 5 tC. n 

«i 9^®icmi»S««B:^t^/h$v>vy =i^^^^t:fli^jt 

1 O nma^gc^Hiy- hi^fe^flil 3^Jf^i^^-r 

vD&xtT^o Igi^s^- h*fei^^i sfl^iSm. c 
vDm^x^i^v='>m<tm^mmi'. s-ionmm 

1 onmSiffic^msy- hitesuKi ^^mm-^o 

[0 14 5] 2kld. 119 6iC^-r<J: n^^^{*:S 
WLl 9^ffildLPCVD&(c:J; t) n M^fct:i p M^^fiife 
^ K-rT'LTtS 0-2 5 O nmgS(?D**§Sv-y >'ag 

hmil3<^-^;^^ LTy-;^m^ioJ:a^ V^^i^m^ 

^m^k'r^m^(onm^mwmm i 9 1 
bmmmx 3. ^2^- h;te,^flii 4*3j:t/ii3y- h 

[0146] is^\z.^ 097 td:^-r J: 5 1-> mM^mMm 

y-h®&<biKi s^jjit/ma-y- hite^i 5 ctt) 

2y- hiteSKl 4<7?3L2/5^:^^3lg;i5:;lc#V^3:s^^>^ 

^m^m\^^xm2^- bim^mi 4<o^u^m^^\zi7 
-hteja^i 5Sriyy='vs<fc:iK-t?«fi8u ig2y-h 

[0 14 7] 0 9 8(d^i-J:5tc, nM^^^ft^S 
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t£ 1 9±m\^ L p c V D&id J; t) m,wwmmti <Dm\^^i^ 

n5!^^^*:SSl 9±3pI::^LTR I Eld 
[0148] mi 00 [CTjk't^ 9 t::, nM¥^«(* 

SSi 9!±®tc:»Yt:^i 6$:?^^Lfc^. {g^M^feig^ 

«:fsttfb-r ^ c t -e?e^-f So 
[0 14 9] mi 0 1 \:i7jk'rx^\z. hm-g 
3 (^)^|IJ^^c-t^>r Kl>;^-/^;^-<-1^9^fl^^L/c^. m 
^i^(^mm<D p 2 1 ^m^-r^o p "^sjtttfc 

g 2 1 Jl-Y ;?f-V^ A^^ff tci ct t) h 3 J; t/1h-Y 

^0^(^«i«kSlCj;oTaAL^:f^*ifife^^ti^b-r 
6r:,i:X?I^^-r6o 20 

[0 15 0] nm^^mt^mmi 9(Di^m^cvD 

«cS^l 9^^^i4#ia^^T-^^S-rs^^(3:J:«9y 

- hmis3:joj:t/p '^muwcm2 i ^ix^-nt^^^si^fa 

10 15 1] /.fib\ Bl^fiL./^V>;6^ mSOtOjA^])'^ 30 
[0 15 2] 5ld, ;*:^?^oSi 0||jlfeco?^ffiT 

^y^*i«tX#So 1^5/ DOir/wSSItiS^* 40 

(*:^^y SrHmx-tSo 
[0 15 3] ^ft. m^Wmm4 aioXX/4hiD^^^ 

mmmi stm2y- h^mmi 4<D=^y^:yV'^^^ 

So ^mdJ:*9. ®#SaJi4 a:fcJ:UC4 bS:^5H;»cE 
ex# So LT. 4 a <Jr 4 b 2 h 

ffijgj^i 4tc:j:oTm^Wld^^(c:5i-g|^nStoT% m 
miS^m 1 4 a i 1 4 bPflOffiSf^ffiHEc 5? 50 
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blCl, m^SSS4 a:joJ;t/4 bliy-^^MiSc. Kl^>f 
hmfiE3ib*J:t/^-y^yi^*Sd^P>ji||i (7) 
^,^1 3ioJ:r/M3co*fe,SJKi 5. WkMi 6tc:J:o 
T^:^(ci{fe,l^$ixStoX\ «#««F4#ttoSti;rc^»^ 
tt4^^<^;^^y SrlittTtS. mWSSg4 a*5i:t>*4 
b«y- hSffi3<D«ffl;i^P>^^^/V^Sc:frr6|ld3£ftL 

-cJ^^^^i^. n:^m^m4 ^^x.xi4\y(Db^<o^^^ 
f^wmi<r>^^(n>mMmm^mz. j: o r ;^ ^ y ir /^T^m 

^ y $:li^X# So 
[0154] ir/V-ISigfiil^OCMOSXmx 

{£=r;:^ h T'^»%tt^^<*:p< ^ y ^M5tX# So 
[0155] UT. 1 0 0|l5£a)?i^ffiX 

*^52.^^om^aAai^^|6lJ:$-^S::^^sx*# 

So ziDtcib. ^^i^^mmcommit. stj^^^^^Hi 

*DmmcO{£«>ffc:^|^Sr ir;5i5T'# So 

[0156] (^11 (Drnmcnrnm) ^^ici. :^^mcom 
1 i(Dmm(Dmm\^-:>^^xmm'r^o :^^m(omi i<o 
^m(Dmmn. ±t^(Dmi o(Dmm(D^m\^i^\^^x. m 
9 0(Dmm^mm4 a tmmwmm 4 hm\:ij^mi^titi 
m 2 1 4 t 2^(Dmmwms 4 

XXJ^4 h ^~-f*:{b$^fcl^^^SoTV^So HI 1 0 2 

i^. :^^m(Dmi i(Dmm(r>mm\^^^^^m^i^^^mii^ 

7«^y<?5^^y-tryi-«3g«:^-r0rlil^X*)So 11110 2 
ld^i-J:9ld. dco^^y-tryi^^igfi. _bl50^ 1 0 o 
lljffi(0?f^S<OS^gaM 4a. 4b. :^Xtfm2 iD^m 

Ki4(c:m;tT> m^wmm4 f g£eufct><^x*) 

So 

[0157] m^s ^^m(nm 1 1 co^iso?i^®id^s 

y (7Dp< ^ y -fe/KZ)S!ia^:^ifc^i§i i o 3 7!?^ 

(gll 0 8^ffiV^TttW'^So ±^(Dm I O iDmM(Oj^m 

tmm. ^-fiui 0 3id^-ri:5id. ^^^/V'msc2 5 

;^^JI^^$ixS®«cJ^^^«rS5» h uv^^ h^N^J'-^^2 
7^. nSi|^«(*:StRl 9Ji«d?^fig-rSo -?:UT. Ell 
0 4ic:?r:-rJ: 5 Jd. fc<i:;tf^R I Ef:feldJ:oT. 
#^*:Stgl 9*31 2,5^ ^-^S^fSCc!: T% ^m2 6^mf& 

-rso 

[0158] 0105 «d;^-r J: p id. nSif^^^* 

s«i 9±m\:im^wmmti(D^h^\.^i^v ^^i^mim^ 
mrn^. ionmum(Dmiy-hmmmi3^^f&'t 
So m^wmmti<D^h^\,^uv ='^ym^m(Dmw:3itzt 

J VDfeXtT^o hite^^flil 3?i^^^. L 

pcvDfeicj; '9m^^atg;^oi^»/>i^y ^^i^mtmi 
8 4:5-1 0 nmumjf^^-rho m^^x J vom^^xo 
mmwmm:h(D^h^\,^i^v ziz^^itm^mmi^. i o n 

[0159] »:ld. la 1 o 6 ic^r J: P id. nSi^#«c 
StSl 9±ffiJdLPCVD}feldJ:f9 nS^ySiJlpSl^T^jffi 
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y-yi.tc5 0-2 5 o nmms<r)#jesi^y rr^- 

(Dp-mmmm2 o^Mf^-r^. p ""^jttfc^ 2 o ^ 
[0 1 6 1 1 121 1 0 sic^-TJ: 

3coffiiJMt3l^-r K!?:^!--/^:^-?— i^9^?I^J*Lfc«. K 

^^^^^^t:) p -^m^BM 2 1 ^^f^^-r-So p -^m^wc 

S2 lli>f':^^^Aa^S«c:J:l9</- hmiS 3 J:t/1^-r 
[0 16 2]<5klC. nSJ^^f*:^;^! 9 0^®tCCVD 

m^itn:^y<iy^m^J;:oX^>'iir:^T>'^ 5^^>'. => 

[0 16 3] Il]^JlL/^l^;ii5. Ell 0 2(D^^V 

[0 16 4] (mi 2<Dmm(r>mm) m^. ^^m<Dm 
1 2(Dmm(omm\^<>^^x^m't^o miosi-t. 

m(Dm 1 2 (D^;ffio?l^^lc#.-6^«^ttii^#f*:^ ^ y (7) 
p«^y-fe/KO«3t«r^-t-»r®0-CfcSo ±IB<^^10a) 

MM(Dmmxn. hm<^3t7)^<i?-=>'^tcai)6a 40 

[0 16 5] ^fel::. :^mm(Dmi 2 o^jS(D?f^^jc#.S 

^»^t^p<^y 60p«^yir/K^jKit*&^iai i ot^m 
mils *ffli/>xa?^-r5. ^-f la 1 1 o t;i^-r j: 5 

l^. ^i'^>'^®^Uc2 5;55?i^^$n^«ii|£|^^^S^ :7:^- 
h u-v^ h/'?^-v2 7^. n^^#f2|s:Sffil 9 
^t-5o ^ UT. la 1 1 1 l-^t- cfc 5 iw, ;tl^ R I 
EiSfelc:J:o-C. n®i|^»fls:StRl 9^1:313/ f^V^-r -5 C 50 
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SM2 6^mf&^^. 
[0 16 6] ?fetw. lai 1 2{r^i-J:5l-. nSi^Wf^ 
Sfi 1 9^®ic:m^«fSS[ag>j(^/h$VNv'y =i>-S{t:JK^ 
Jt«L. 1 0 nmSJg(7Dmiy-hiteii^flil 3$r?1^^t- 

6o a;^?f^SI^6;^to/J^$v^i/y =i:/^{i:^(D:^si*i^c^ 
xtfjyDifeT-ff5o mi^- hteia^i 3^^^. c 
vDm{zxr) i^v ^^i^mitm^mmi^. 5-ionmm 
^(om2y-bmmfmi 4^m^^^o m^^^xjvum 

1 0 nmkS(D^3y- hiteSdKl 5SrJI^^-*-6„ 

nS^#f*:S«l 9^®trLPCVD&trJ:!9 nM 
* ^cll p M^iisfiife^ K-:7^ Lfc 5 0 - 5 0 0 n mUm(0 
^HSfiv-y =^>IS2 8 60 

[0167] IS! 1 1 3 \Z7r:-tX 0 

teWS:^ifet::J:oT. #MSv^y ^:^JKi 9(^ei?)5^^ 

^fT/<C5wt-C% hmffi3^J|0J*-^5o >tCib\ ii 

nM^^frSISl 9±IZ^^¥i-'5^1(7)y-hitea 
M13. ^2(D<5^- hjfeii^l 4 jai:t/m3<7)y- h^te 

[0168] ^sj^ic. 1^ 1 1 4 {z.TT^'tx b mmi^nm 

y- hiffei&fli 1 5 y =1 ^mtmxm^ 2 
*fc. m^^«^jf^i*t^fcii^)c^^r0^i 7ji. iii^;/^v>/ 

[0169] m^i^ la 1 1 5 b iw. 

£«i 9^®t;iLPCVDi*t;ii:?)S^»sa^;^«7)iiJv> 
y =1 ^^{t:^ 1 8 ^mi^saJi?^^<^fci6o^rpi 1 7 
^5^^(wSai)i^^n^J;5t^«a-r'5o ^LX. 01 1 
6 IC^i- J: 5 t-. n m^mmkVsL 1 9 ^ffitcW U T R I 

> y =^ i^wmrQm^ s tb^Sffif »as 4 a *5 t;? 4 b 

[0170] 0117 J: 5 {d. n^^Sft: 

Stel 9^®lc:g?{bflMi 6^Jf^^Lfc^> ^-^W^m^ 
(^P~Mtt»g2 0Sr?^fig-f-6o P~S&SfeJl2 0(l-r 
:rv?£AStff»^ J: t) hmS 3 Sr-^J:^^ <!: p^:^^ 
jsfiife^^AL. ^(^^(7)flft^31«Cj:oT^Ab/c:T^*fiife 

[0171] g^lc, HI 1 1 8 ici^-r J: b Id, hmH 
3 (7?fiiJSi-f--Y K!>:i--/W':5^'<-f-9$:?g^LfcS. 
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[0 17 2] fttC. nSi|^»(*S«l 9(7)^®|CCVD 

<7)iisfik.iS^s^K^*-t-nf^. la 1 0 9 Lfc^ ^ y -fef 

(0 17 31 I2j^«L/«^V^/5^ lai 0 9(D7'^y 

m^(DmM<ocMosmmi:u^mi^mx. mf^^^^^ 
[0174] (His <om:m<Dmm) ^z,^ :^mm(nm 20 

i>:ikx. y-hS«tte»SP^o^S^{£®u. nt;? 

y^V-b^Mmit^^U,^^^fj:^thX\^^^ (T. Ghani 
et al., IEDM99, p415) « >li0^1 3 <?D|liScOJ^ffi 

( 0 1 7 5 ] El 1 1 9 ji. :^mm<Dm i 3 <Dmm(Dmm 

^i^^mi^?^'ev(7)?(^v±ji^mmxn. pS^#*s 
^icomm^zmiy-hi&mmi s^di-Lxy- bmm 

ti. ^m^^\a^. m^wmm4 (4 a. 4b) ^mf^ 40 

ms o:^m^^tix\^^bo brnmstDrnmi^atmit 

mi 6Sr^LTf--Y Ke7;t.-yV'>^-^— f^9;5SK^t^i^. 
K^7;^--yi.;^-;-f-9(^TaopS!^^f*:Sffi 

""satfcg 10^. r CO n -miLWcm 1 0 co^fiijictte 

- hm<l3*5j;t/n 1 1 ^tL^'ixco^Stcfi 
StmSl 2;i)Si3:Jte>ti'5p 
[0176] 7^^m<om 1 3 Ci|IM50?gffiiw^,-5^»« 50 
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^LT. hmi^3cop«a5icfim^^s^4 (4 

a. 4 b) :dm^^tl^. :i(D2^(DmMWmm4 ai6 

J:t/4blw«T-S:Sa[L. (1) W^mW 

mm4a. 4 b<7)v>-fn^>m^^^SL-cv>?tfv>t^^. 

(2) mmwmm4 a(D:f^i)*^m^i:wm\^x\^^^iKm. 

(3) m^»^8[e4 bO;^;&5m^Sr»abTV^St^ffi> 

(4) S^^^a^4a. 4 b*^rm•?-^«fllUXV^-5« 
ffi. c^4oC0:|^ffi^^ Ct7)2 0(7)m^^a®4 
a JBJ:U?4 b ;c(^l^$tLfcm^co*^|:iJ:oT^D6 L 

"10\ "1 l'i::MlJ^$-fr6o ^fc. co^^y-feyu 

C0^a*^ffil^fife^?L/.^V^ U3t;iS-::>T. m^^^SS 4 CO 
m^<om^^iZj:^mn^ (over-erase) ttE^ih^H. 

•^mcJ:t3iam*i-^S-r-5y-i5'^a. y^n^/^A^ 

m4ncYDm\zx:bm^wmmt)(Dm\^^i^v ^v^^b 

^^^nm\^^'m^^^^^^ni:Lt^-x^^^^(bxh 

^ffiicSijg-e^^o $^Jw. ^ly- hteSiiKi 3^'> 
y^^^^bHi (siOg^) (7:>2mum(Dmm^^^T 
^^>v^>mtm (s i 3N4K) T-«*i-tt(^. v-y 

= VS&{bflI»SK/?J6S 4 n 1 1 n mmSc^#^IC» 
m 0 nmmm^j:(DX\ iSg^h:/^/^ (DT) ^At^ 

[0 17 7] :^^m(Dmi 3(omm(omm\zm^^m¥t 

'I4p<^y c^7«-=ey ir/WT^Ji. y-:^mm^^v^h*i^-(>' 
®igcOiffif$]_b(D @ ^X n 1 0 <Sria:Jt. L D 

[0 17 8] ^^mcomi 3(7)mm(7:>mm{z^.^ 
^»^tt;^^y coi(if^izov>Tigi 2 o*5J:t5iai 2 1 

^^v^xij^p^-r^o 1^1 2 0fi. m^j^^wii^^m^-t 

^^»^tt;^^y (^^©mxfc^o iai2lf^, t^^Sj 
f^<^l5^P>qi-^>^»^tt>^y co»r®l2lXfe6o 1^1 2 0 
*3ctt/Bll 2 1 t^);^^y -feyUflnSMOS h^^^v^^^^ 
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Z<DX^\^m,iE^^ML. ^^-^^l^^M^ (CHE) X* 
1 2 1 J: 9 (-> y-hG«rt&m^ ( 5V) ^ 

ff^JDL. ^7 7— • y/U hVN^ri^ (FN) HhV-^/l^ 10 

ng) h -tfh^l^ K W>r vmffiiKiJcom^^S^ 4 b co;?^ 
^Sd^*5l#ft< ::i:t>^t6T**>^o y-:5^S«iBJ<om 
W^ag4 a (^;2^7i>^^m^^^l^^<:^lcf^y~;^m 20 

10 17 9] ^;^c^^:^«L/c^v^/5^ p<^y -feyv^co|^;^m 

ii#tt (5^-^^/u:^>'i$^^^^;^) ;55^^t-'6Ci:>fiJ 

^^-r:h.J^J:V\ miWSfflJl4 a *5J:0^4 b (^4 0(0^ 30 
©«ffitcJ;oT4o(7)S/c^6m«Ee^^^i^^54|.p,tt. 

I0 18 0]^5k(w. p^MOS h^>v^;^^T-mj^$tL 

Oi(jf^tc:ol>T(§I 1 2 2;}3J:U?|2I1 2 3^^V>TSi0^'r 
Ell 2 2ti, S#iZi^»lf^^t5i§^-r'5^»^14p«^ 

y oi^®i§iT*fc^o iai2 3(i. j'^^ibf^^t^B^-r-s^ 

»^iiy^y (7)»r®jg|X-fc6o lai 2 2JoJ:U?|gI 1 2 3 

o^^y-fe/Hipg!Mos h^i^v^^^^T-fli^^Fneo 

El 1 2 2lc:;^-f-j: 5 iz, y •fe/KD##i^;zfB#i::ft. 40 
nSiJUDU y-::^SSr»ig®{firtt- 6o r J; 5 

m^m<r>nmm^m 4 b icm-^-^ax-t-So y-^^mss 
:/D. y->^s^ix^'mc^j!jD-r5mjE^_hi5^An^ 

x.nf^J:v\ — :*r. ^^y-t/wom^fi. I2jl2 3(c:^ 
-Tctpl-. y-KGlrtaUE (--SV) ^SJJIinU. F 
NSSttSrftJffi UrmffifSffiS 4 a . 4 b ;5>e>m^Sr5l# 50 



2001-156188 

48 

10 18 1] ^/cEi^ti u^^fv^^^ ^^y-fe/ucoggit^^ai 
Lfi. y~;^si: Ku-f vDope^^^ixeii^mumsK 

il^-t-ni^ctl^ m^^a^4 a:ib^J:'t/4 b(^)4 0(7)g 

a4^^lc:J:oT4o(^S/.^6m?ffife^#&j5M#^n. ^ 
[0 18 21 *^?^<?5«1 3C03llf£(O?l^^T-fi. El 1 2 

4ic^-rj:5i^. y^y1^Bg^WL/^v^il«(7)Mos h 

milSclo, 1 i±tr);2flwgdg$ti. ^-^^/wM^SE-hlcji 
cofe«#ttfl. miSSSIS4(^5«?S<^»«r««tw. ^pT^ 

rpit^^^^ftj&^i&^^^n. Mos bvi^i^:^^(D^mm 

[0 18 3] (mi 4(Dmm<omm) m::. :^^m(om 
1 4<DmM<Dmm{z-o\^^xwLm^^o wcoiii4<Diiffi 
<r>mmn. ±m(r>mi s<omm(Dmm\^^^^^x^ mmw 

(b/cCorv^-So iai2 5t^. :^^m(r>m 1 4 <DmM(Dm 

^xmf^^ti^o ^^m<omi 4(Dmm(DmmiiZ^.^^ 
m^^^m^i^^^v(o^^v±^i^mmxn. pm^^mi^ 
mm 1 (omm\cm i hJteiSdK i 3 ^^huxy- he 

m 3 ;JiS^ft ^btL^o hmm 3 (Dj^«|;::niyigp;ei5^tt 
m^Wmm4 (4 a. 4 b) 

;56$ix6o mmwmm4t^'-hm.m3t^w\:ins m 

^tms o^*^jf^f$.;^ixx\i^^o hmii3o{Rij®ic:fiK 

^mmcon-mtjtwcmiot. z<Dn-mi&w^mi o<d 
f>tT.6o ^-hmmsi^^xfn-^mtLmmii^ti^'ti 
[0 18 4] *:^w<o^i 4(Dm:t&(Dmmxn. -^^ k 
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[01851 :^^m(^m 1 4 (Dmmcnmmxn. ±ia(7) 

[0186] 

(0 18 71 :^^mKxti\^. mm^mmy'^'^:^xm 

[0 18 81 (ftW^ir/P:PitT'm^6^ 

[0 1 8 91 ^^m\^xtit^. m^^^mmy'r^-^:^xm 
[igfl5<offl*/j:eiMi 

im2] :^^m(omi(omm(Dmm\z^^^^mmi^^^m 

[0 7 1 ^m^M(Dmi(r>mm<ommiz,^^^^m^^^m 
10 8 1 :^^m(r>mi<^Mm<Dmm\:^'^^^^m^^^m^ 

[0 101 :^mm<Dm2<DMm(Dmm{z^.^^m^i^^^ 
(0111 ^^m(Dm2<Dmm<omm\:ieh^^m^i^^ 
(0 121 ^^m(om2(DMm(7)jf^m\:im^^w^i^^^ 
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[0131 ^^m(Dm2(D^m(Dj^m\^m^^m^i^^^ 

(01 4 1 *^0^(7)||2(D^56(7)?^^|C#5^»^'ttif^ 
[0151 *^P^f?5m2(D||jteO?15^|r>ff.S/F»^14^ 

10 [0161 ^^^(7^m2<Dmm(Dmm\^^^^^»^i^^ 

mi^?' ^V(0?^^V iryK?DjK3txa^^-r»r®f0X-fe 
[017] *^W<^^2(;?||JS<7)?^ffi(::»-5=F»^tti|^ 
60 

[018] *lll^(0»2(7?ll«gofl^^tc:«5^»^tt^ 
^f*:;^ ^ y ^ y ir.'KOi!tjtxe$r^-r»rffi0X*fc 

60 

[019] *Miq(^)^2cD^JfeC0J^^(C>RS^»^^^ 
20 »f*:^^y 0;^^y ir/K^ffii3txa^^'^»rD50-Cfc 

So 

[02 01 *:^0>^<^)^4(D^J6ofi^^lc:>0F.S^»^tt^ 

(02 11 :*:^P^(^^4(D||J£(7:)Ji^^;w#.-5^W^14^ 

^ y (^Sb^t^mP^-r 6»r®0XfcSo 
[02 2 1 *^0>^cO||4(75||jfeO?e^tC-eRS^»^tti|^ 

7< ^ y (TD ibft ^iJiB^ -r 5 ^® 0 xfc 5 o 

[0 2 31 *^P>^co^5o||J£(?5?{^^(;i^S^»^tt7< 

30 ^•f-»rffi0XfcSo 

[02 4 1 0 2 3<7)MOS h 7 :>^v?^ OSJfigXS^^ 
-r»r®0XfeSo 
[02 51 0 2 3<7)MOS >^>vf;^^<DM5tXe*^ 

-r^ffi0xfcSo 

(0261 023 ODMO S h 7 v^:?^ ^ <7;)S4itXm^:^ 
•rB^®0X*)So 

((2)2 7] 0 2 3<Z)MOS h^Vv^JX^OlHjtXS^^ 
-r»r®0X^So 

[m 2 8 1 0 2 3 <DMO S h 7 Vv?:^ ^ <^i!iitX^^^ 

40 •r»rffi0X*>So 

(1^12 9 1 0 2 3t^MOS h7>i>;^i5'oai5gXSSr^ 

•raft®0xfe6o 

[03 0] 0 2 3<^MOS h^>v>;^^OjBl5§XSS:^ 
i-»rffi0XfeSo 
[03 11 *:^PJ<7)||6 0^liS(D?l^®lc-KS4^#«s|e® 

3Seic:*i« ^ titi^mmi^^mi^?^ ^ y (?) p< ^ y ir/w« 
itSr^i"»fl50X-fe-5o 

[03 21 :^^m(Dm6<omm(Dmm\z^^^^mwmm 

50 S:^i-B»E0X^fcSo 
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ims 

[1^3 

ims 
im3 

So 

[1213 

So 

[1213 
[1114 

So 

[^4 11 *^W(?5^6(^^JS03f|^ffi(C«-5^»^tt^ 

So 

[(§14 21 7^^m(ome(omm(o^m\^m^^w^ii.^ 

mt^:^ ^ y ^ y irv^^^fflijgXg^^i-H^rffilSl-Cfe 

So 

[134 31 :^^m(Dme<Dmm<Dmm\^^^?>^w^i^^ 

So 

[1114 41 :^^m(Dme<Dmm(Dmm\m^m^i^^m^ 

^ y ^ y ir/i-(7:)i!iigXS^^i-^®(2iX**) So 

[124 61 :^mM<om6(Dmm(Dmm\z^.^m^^^^m 
[1214 7] :^^m(Dm6<7)mm(^mm\^w^^m^i^^m 

^ y co^ ^ y ir/KOSJjgxm^Tj^-riroSlgl-CfcSo 
[134 8] *%M<^^6CO||Jfi<75fl^ffi(C«S»^tt*^W 

i^^^V(0;<^v -fe/K7)ffi3txm^^i-^®i2)r*fc So 

[134 91 ;*:M0^(7)^6(7D||jKB(7)?f^^{v«SlS^tt¥^# 

(icy ^ y ^ y -fer/woffliigxs^^-f-KTffiia-efeSo 

[135 01 *^0>^o^6co|||fe<75?i^^tc:^S»^'tt^« 
(4^;^ ^ y CD;^ ^ y ir/l-tD®[i^XS$:^-r»T®I3X'fcSo 

[135 11 ^^m(om6(omm(7^ff^m\^^>^wmi^^m^ 
[135 21 ^^m(Dme(Dmm(r)mm\^m^mm^^^m 
[135 31 :^^^M(ofR7(omm(Djf^m\:^m^^mi^^m 
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ig^^-rerEHT'fcSo 

[[35 4 1 ^^m(Dm7(Dmm(Dmm\^^^^^mi^w.m 

S:^-r»T®l3X'fcSo 

[135 &1 *:^igc0»7O||«|<D?^St-«S^»^«i|t 
igf*:;^ ^ y CO y ^ y -fe/t-<7?MigxaSr^-r»Tffil3T*fc 
So ' 

[13 5 6 1 *:^Mco^ 7 <O||»c0?l^ffitc«S^»t^tt* 
10 ^(*:;^ ^y (Oj^^y-fe/K^JffiijtXSSr^-rWrffiST'*) 

So 

[135 71 :^mm(Dm7 (Dmm(7^mm\^^^^^m^i^^ 
mi^?^ ^ y (7)^ ^ y •fe>'Vx(DSi3txs*:^i-wr®i3-c*) 

So 

[(3 5 8 1 5i^M0^com 7 (Dmm(Dmm^^9h^^m^i^^ 

^ y p< ^ y -fe>'^OM3gXS^^-r»r3Dl3T**) 

So 

[135 91 :^^m(Dm7(DMm(Dmmi>^^>^^m^\^^ 

mW;^ ^ y <D p< ^ y -tryKOSSitxe^^-r^rBilS-Cfc 
20 So 

[136 01 :^mm(Dm7 (Dmm(Dj^m\^^>^^m^^^ 

So 

[136 11 :^^m<Dm7 <Dmm(Dj^m\^^^^^w^^^ 

So 

(136 21 ^^m<Dm7 (Dmm(Dmm\^^>h^m^^^ 

So 

30 [136 31 :^mm(om7 (Dmm(Drm\^'9^^^i^^^^m 
^ y y ^ y ±ji^<Dm^^x.m%:^-rmmmx*^^o 

[136 4 1 ;*:^0^co^7(D|gjS£(^)?i^®tc^F.Slii^i4^^ 
flspt^ y coy ^ y ir/KDfflJjgXSSr^-rPrMjax-fcSo 

me 5] :^mm(7)m7 <Dmm(r)j^m\:i^^^m^^^m 

fls:p« ^ y Op< y ir/Uc^^Siigxa^^^^-r^ffiiaT-^jSo 

[(36 61 :^^m<7:>m7 <Dmm<DMm\^ekhm^i^^m 

<D?^^V -ir /vcr)ffii3txa^7J^-re^M[3X*^ So 
[136 7 1 *:^0>^co^7co|lif|(D?^Stc:#.S«^i^^^ 
«cp<^ycoy^y ir/t'COffl!3tXgS:^-r»r®(3X'$> So 

40 [136 8 1 :^¥im<om7 (Dmm(Dmm\^^>^m^^^^m^ 

(*:y ^ y CO;^ ^ y -fev'KT^jgi^^xa^r^-t-^ffilll-C^ So 
[136 9] *:^P^com7cO||ffi(7)?i^^(C>^S»^'l!t^^ 

y oy ^ y ir/Koa!!itxaSr^'r»fM[3-CfeSo 
[137 01 *^B^(Dm7(D||ffit7)?l^ffil::>^S»^tti|^^ 
^ y y iryWOjK3gxa*:^-*-^MI3XfeSo. 

[137 11 *:^P.«(7)^8 0^J6(^?i5^(rfi^S^ffil«14^ 
#«cy ^ y coy ^ y -tywffiit<lr?r:-r^®(3XfcSo 

[13 7 21 :^mfi(Dms<Dmm(Dmm{z.m^^w^\^^^ 

50 [07 31 *^0>^CO^8 <7)*JS<7)?gffi|C#S^»»tt^ 
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[0 7 

[1217 
[ili7 

So 

[1117 

-So 

[(217 
[1217 

So 

[12)8 
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7] ;*:^0^com8(O|l:&S(7)Jl^^t;i>^^^fl|^f4^ 
^ y (^^ ^ y ir/i-co9!iigXS^^i-^ffi(2lT**> 

8] *:%§qoB8cD^;^(7)Jf^SI-#S^»^i4^ 
^ y y iryUOS^agXS^^-r.B^TSiax**) 

^ y (D;^ ^ y -feyK^)S!i^gxm<^^-r»T®i2iT-^ 



#(*:^^y 

So 

[1218 2] 

»«cp«^y 
s. 

[1218 3] 
[12)8 41 

^f*:^^y 

So 

[[218 51 

«t*:>^y 

So 

[1218 61 

#(*:^^y 

So 

[1218 71 *^5^<7)fg9 0||JB(7??^ffi(;:#S^ffl%i^it^ 
»fls:y ^ y <0;>< ^ y •fe/^<^)«!jtXSSr^-r^3Dl2lX-& 

So 

[1218 8] *^M<7)|g9 0|li£(^)?l^ffitr«S^»^tt^ 

mt^;^ ^ y (7) y ^ y -fe/KT^jKitxasr^-rwDBEiT?*) 

So 

[1218 91 :^^m<Dm9(Dmm(Drm\:i^.^^m^i±^ 

So 

[1219 01 T^^mcomi o<DmM(Dmm\^^^^^m^i^ 



8 co||J£<oj^«t;i^S^ffl^i^^ 
co;»< ^ y irywOfflligxa^^^SfrffilSI-Cfc 

:^mm<om 8 oiia&(7)ji^s8ic^s^»^tti»^ 

^ y -fey^oas(5gXS^;^-t-B?roil2|-Cib 

:^^m<r>fR 9 o||Jf£(^J|^^{c:^S^»^14^ 
CD^ "^e y -t/V«3g^;^-rS?rffiI2lTfcSo 

(7)p<.^ y ir/K7:>Sl3gxm^^-r^®l2lX-fe 

9 (Dmm<Dj^^m\^m s ^s^-tt^^ 

CD7< ^ y iryK^^KigX^^Sr^-r^SHlXfe 

*^p>^ 9 (Dmm<Dmm\^^^ s 

^ y ir/vcoa!ijtxm^^-r»T®[llX-*? 



10 



01 7^mm<om8(D^m<Dmm\^^^^^m^i^^ 20 

^V(D?^^V ir/K^»!atxa^^-r8^®l2lXfc 



2001-156188 

54 

[(219 11 :i^^m<omi Oc^^5EOfl^^;w>^S^»Mtt 
(7)»if^SrKPJi-S»r®[21X$>So 

[(219 2] o(omm(omm\cmh^w^i^ 

^^ft:;^^y cT^ibft^ap^-rS^SElXfcSo 
11219 31 *:!R|B^(7)mi 0O||J6O?i^^lC^S^»%tt 

^mt^?^ ^ y o;^ ^ y -feyw<Diijtxs«r^-r»r®iaxfc 



[1219 4 

So 

[[219 5 

So 

[1219 6 

So 

[[219 7 

So 

[[219 8 

So 



1 *:^I«(^)S1 0(^)3liSO?i5^lc:^S^»^tt 
^])(O^^V -fe/K7:>ffijtxm*^i-»r®l2lX*> 

1 :*:^0^<7)^l 0 0|l56co?f^®lC#.S^ffil^i± 
^V(0?^^V ir >'KDi!ijtxa^73^-r^D512lXfo 

1 *^B>^<7^^1 0O||JSOJ^ffilw^S^ffi%^4 
^ y (D;^ ^ y ir/i-(7)SijtXg^^-r»T®(2)Xfc 

1 0(D|liS(7)?!^ffilC#.S^»^tt 
^ y ^ y iryV(DjKitxm^^-rB?r®l2lX$> 

1 oolite <DB^(c^S^^^tt 

^ y co^ ^ y -fe/wojKatXS^^i-prSlglX*) 



[1219 9 1 1 0 <Dmm(7:>mm\^9^^^m¥ti^ 

ii^mi^^ ^ y O;^ ^ y •tr/W(^»ljtXg^^-r»rffii2lX-fc 

So 

[1211 0 01 *:^M<^mi 0<7)|l«6<7)fl^ffi»c^xS^»l6 

li^^^T* ^ y o ^ y '\r/i^(Dmmr.u%:n^'rmmmx- 

^bSo 

[[211 0 11 *:^9^<omi 0O|IJ6(^?^fli(c^S^»^ 

30 ^^^m^^p^ ^ y (d^* ^ y -feyvtDjHatxjg^^-f Wrffii2ix 

^So 

[1211 0 21 *:^Mo^l lco||j!te60?|^ffi;c>e^S^«^ 
tti|£:^ft:pi ^ y co^ ^ y -fe/i-Slig^^rt-^TffilSlXfeSo 

[[21 1 0 3 1 ;*:^0^<7)m 1 1 (D^m<Dmm\^^^^^m^ 

So 

[(21 1 0 4 1 ;4s:^p^<om 1 1 (Dmm<Dmm\^^>^>^m^ 

i^^^mi^jA ^ y (O^ ^ y ir/K^)SJigXS^^-t-»r3ol2lX 

^So 

40 [121 1 0 5 1 :^^^<Dm 1 1 (omm(Dmm\^^^^^w^ 

fcSo 

(121 1 0 6 1 :^^m(om 1 1 <o||Jfi(0?gffi|;i^S^»% 

^^mi^ji ^ y o>< ^ y -t^'Ui^psiagxssr^-rwffiigx 

^So 

[121 1 0 7 1 1 1 C0||«B<7>?Kffi(C«S^»ai 

^So 

[121 1 0 8 1 *:^§qco^ 1 1 (/)|IJ£(7)?i^^{;i'eF.S^»^ 
50 ^ y ^ y -fe/uoMjgXSSr^fBSffiiax 



(29) 

55 

[El 1 0 9 ] *^0^com 1 2 (Dmm<Dwm\:i^^^^m^ 
tiEii 1 ij ;*:^p^c7)^i 2cDmm<Dmm^^m^^mm 

IISll 1 2] 2(^||J6(Dfl5ffitr^6^»^ 10 

[0113] *^W<^»1 2co||J6o?|^ffi(c:«-5^»^ 
[0114] *:Miq(^»l 2co||J6(^?|^ffiJ;i^2>^W^ 

[01151 ;*i:^0^comi 2(Dmm(o^m\^^^^^w^ 
f^^^m^^:^ ^ y ^ ^ y -fe/^coMigxm^^t-a^ffi^x* 20 

[0116] :*:^P^<^)mi 2(^^j!r£(7)fl^^lc:#6^»^ 

t^4^»(*:pi ^ y ^ ^ y -feryvoisiigxm^^^-t-e^ffi^T* 
[0117] :*:%p^oisi 2(omm(Dmm\^^.^^m^ 

[0 118] 2(Dmm<Dmm\^m^^w^ 

fe'&o 30 

[0119] *:^iqcomi 3<Dmm<Djf^m\^^^^^m^ 
^ y ^ y -tr/p#iit^:^-r»rffi0T*fc'5o 

[012 0] nSMOS h^Vv^>^^5^T-«J«$iX)t. * 

[012 1] nMMOS h7:^v?;^^?x-«^$nyb. * 
[0 12 2] pmuos by>i>^>$^X*m^^tifc. :^ 

^m(om 1 3 (Dmm(omm\^^^^m^i^^m»j^ ^ y 40 

col!ift&Sil«i-S»rffi0X*fcSo 



2001-156188 

56 

[012 3] pSMOS h^^-v^^^Tli^^nfc. * 

[012 4] :^mm<D^i 3(omm(omm\^^^^^m^ 

[01 2 5] ^^m<Dm 1 4 <7)||J£(7)fl^^(c^,^:T:»^ 

tt^ji^f^;^ ^ y ^ y ^/umm^Tjk-rmmmx^ 60 

[0126] 1 4 

5MOS h^^^v^:^^<?5«it?:^-rBft®0-efc'5o 
[W-^<ot5te^] 

1 pm^^m^mm 

2 y-hmmm 

3 hms 1 hmii) 

4 m^^@@ 

5 n 1 mitm 

6 ^{b^ 

7 IS2g&{bj^ 

8 m2^-hmm 

9 -y-^ K^>^— /v-;^^— y: 

1 0 n -mmmm 

1 1 n 

1 2 mmm 

13 ^ly-hiteig^ 

14 ^2y-hitejRflS 

15 ms^-bt&mm 

1 6 g^fb^ 

18 y => i^mitm 

19 n^^^ftcStg 

2 0 P^M^gJcg 
2 1 p +SffiSfcS 

2 2. 2 7 :7;j-hUi^^h (:7 5j- h i^>^;^ h>"?a' — 

^) 

2 3 hV^/V/teiaiK 

2 4 ^4y-hmS^flg 

2 5 ^-r^/W®«c 
2 6 

2 8 ^jgSv'y^^^IS 



(31) . 2001-156188 




(32) 



2001-156188 



[1^13] mi4] 




1 



[SI 15] 

[191 6] 




i 
I 



(33) 



Mm 2 001-156188 



[g|l 9] [1112 0] 




[11121] im22] 




(f^m 2001-156188 



im2 6] 




[i^2 8] 

22 




(35) 



#M 2001-156188 




(36) 



mm 2001-156188 




[133 7] 





(37) 



#M 2001-156188 



[gl42] lm43] 




1 



(38) 



4^gB2 001-156188 



im49] imso] 




(39) .1#M2 001-156188 

t[gi55] [1356] 




11215 7] 




1 



ims 9] 

3 15 



[|g)6 0] 



(40) 



4#M 2001-156188 



[1^6 1 ] 




ime 7] 

18 24 




ime 2] 




1 



(41) 



#BB 2001-156188 





[11179] [!1180] 




ms 1] 




I 



1^8 5] 
27 




(43) 2001-156188 
[111821 




19 



(44) 



2001-156188 



[1387] [1388] 




I 



[[39 1] 
G 



SOD 




(45) 



2001-15618 



[[S1.9 4] [g]9 5] 




19 



[|g}9 6 1 
15 3 




19 

[[119 8] 




[mi 0 21 

[010 31 




(46) 2001-15618 



[mi 0 0] [01 on 




19 



[010 61 

[010 71 




(010 91 

[01101 



(47) Mm2 001-156188 



[@1 0 8] [mi 1 1 ] 




1^ 

[lai 1 31 




19 



(48) 



(t^m 2001-1561 88 



[Ell 1 7] 




[lai 1 8] 





:7n V h-<->?(DjBg# 

(51) Int. €1.7 ScSaia-g- FI T-v^-K (##) 

HO 1 L 27/115 

27/10 4 8 1 

4 9 1 



(60) 



2001-156188 



F^-i*(##) 



5F001 


AA12 


AA13 




AC62 


AD17 




AG03 


AG07 


5F083 


ADOl 


EP17 




EP48 


EP49 




ER02 


EROS 




ER19 


ER30 




JAM 


JA15 




PR03 


PROS 




PR45 


PR53 




ZA21 




5F101 


6A42 


BA45 




BC13 


BD07 




BH05 


BH14 



AB20 


AC02 


AC06 


AE02 


AE08 


AF20 


AGIO 


AG29 


AG40 


EP18 


EP23 


EP28 


EP50 


EP63 


EP68 


ER06 


ER15 


ER16 


GA16 


JA04 


JA06 


JA35 


JA39 


JA53 


PR09 


PR29 


PR43 


PR55 


ZA07 


ZA14 


BB03 


BC02 


BCll 


BEOS 


BE07 


BF05 


BHIS 


BH19 


BH21 



(19) Japan Patent Office (JP) 

(12) Laid Open Patent Application 

(11) Publication number : 2001 -1561 88(P2001 -1561 88A) 

(43) Date of publication of application : 08.06.2001 



(51) lnt.CI. 



H01L21/8247 H01L29/788 H01L29/792 H01L21/8242 H01L27/108 
HOI L 27/1 15 HOI L 27/10 



(21) Application number : 2000-057642 

(22) Date of filing : 02.03.2000 



(31) Priority number : 1 1-060751 

(32) Priority date : 08.03.1999 

(33) Priority country : JP 



11-262717 
16.09.1999 
JP 



(71) Applicant : TOSHIBA CORP 

(72) Inventor : YOSHIKAWA KUNIYOSHI 

(74) Attonney : 100083806 HIDEKAZU MIYOSHI 

(54) SEMICONDUCTOR STORAGE DEVICE AND METHOD FOR MANUFACTURING THE 
SAME 

(57) Abstract: PROBLEM TO BE SOLVED: To provide a nonvolatile semiconductor storage 
device for storing information for plural bits, using a simple cell structure.SOLUTION: In this new 
structure of a nonvolatile semiconductor storage device for storing information for plural bits, the 
edge part of a gate electrode is provided with a charge-storing layer 4 for storing electrons. Thus, 
information on plural bits can be stored by storing the electrons in the charge storage layer 4. 



[Claim(s)] 

[Claim 1] A nonvolatile semiconductor memory characterized by having 

a 1st gate electrode arranged via a gate insulator layer on the principal plane of a semiconductor 
substrate, 

the aforementioned charge accumulation layer arranged on the side face of said 1st gate 
electrode, 

a 2nd gate electrode on the side face of said 1st gate electrode with the charge accumulation 
layer inbetween, and 

an electric conduction layer which connects electrically said 1 st and 2nd gate electrodes. 

[Claiim 2] The manufacture technique of the nonvolatile semiconductor memory characterized by 
including at least 

the process which forms the 1st gate electrode over a gate insulator layer on the principal plane 
of a semiconductor substrate, 

the process which forms a charge accumulation layer and the 2nd gate electrode one by one on 
the side face of said 1 st gate electrode, and 

the gate electrode of the above 1st and the gate electrode of the above 2nd. 
the process which forms the electric conduction layer which connects electrically 

[Claim 3] The nonvolatile semiconductor memory characterized by having 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 

the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged at the edge of the 2nd aforementioned insulator layer, 
and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 4] The manufacture technique of the nonvolatile semiconductor memory characterized by 
including at least 

the process of forming the 1st, the 2nd, and 3rd insulator layers one by one in this order on the 
principal plane top of a semiconductor substrate and which forms the gate insulator layer which 
consists of the 1 st, the 2nd, and 3rd insulator layers, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 5] The semiconductor memory characterized by providing 
the nonvolatile semiconductor memory which has 

the 1st lower insulator layer arranged on the principal plane of a semiconductor substrate, 

the 1st middle insulator layer arranged at the upper part of the center of the 1st lower insulator 

layer, 

the 1 st charge accumulation layer arranged at the upper part of the edge of the above 1 st lower 
insulator layer, 

the 1st upper insulator layer arranged at the upper part of the above 1st middle insulator layer 
and the 1st charge accumulation layer, and 

the 1st gate electrode arranged at the upper part of the 1st up insulator layer 
and 

the volatile semiconductor memory which has 

the 2nd lower insulator layer which has been arranged on the principal plane of the 
aforementioned semiconductor substrate and which consists of the same material as the Interval 
insulator layer of the above 1st, 

the ultra-thin insulator layer arranged on the principal plane top of the aforementioned 

semiconductor substrate and to the ends of the 2nd lower insulator layer, 

the 2nd charge accumulation layer which has been arranged at the upper part of this ultra-thin 
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insulator layer and which consists of the same material as the above 1 st charge accumulation 
layer, 

the 2nd upper insulator layer which has been arranged at the upper part of the above 2nd lower 
insulator layer and the 2nd charge accumulation layer and which consists of the same material 
as the above 1st upper insulator layer, and 

the 2nd gate electrode arranged at the upper part of the 2nd upper insulator layer. 

[Claim 6] the semiconductor memory characterized by providing 
the nonvolatile semiconductor memory which has | 

the 1st lower insulator layer arranged on the principal plane of a semiconductor substrate 

the 1st middle insulator layer arranged at the upper part of the center of the 1st lower insulator 

layer, 

the 1 St charge accumulation layer arranged at the upper part of the edges of the above 1 st lower 
insulator layer, 

the 1st upper insulator layer arranged at the upper part of the above 1st interval insulator layer 
and the 1st charge accumulation layer, and 

the 1st gate electrode arranged at the upper part of the 1st upper insulator layer, 
and 

the volatile semiconductor memory which has 

the ultra-thin insulator layer arranged on the principal plane of the aforementioned 
semiconductor substrate, 

the 2nd charge accumulation layer which has been arranged on this ultra-thin insulator layer and 
which consists of the same material as the above 1st charge accumulation layer, 
the 2nd upper insulator layer arranged on the 2nd charge accumulation layer, and 
the 2nd gate electrode arranged on the 2nd upper insulator layer. 

[Claim 7] The volatile semiconductor memory characterized by having 

the lower insulator layer which has been arranged on the principal plane of a semiconductor 
substrate, 

the ultra-thin insulator layer arranged on top of the principal plane of the aforementioned 

semiconductor substrate and at the ends of this lower insulator layer, 

the charge accumulation layer arranged at the upper part of this ultra-thin insulator layer, 

the upper Insulator layer arranged on top of the aforementioned lower insulator layer and a 

charge accumulation layer, and 

the gate electrode arranged at the upper part of this up insulator layer . 

[Claim 8] The volatile semiconductor memory characterized by having 

the ultra-thin insulator layer arranged on the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged on this ultra-thin insulator layer, 

the insulator layer arranged on this charge accumulation layer, and 

the gate electrode arranged on this insulator layer. 

[Claim 9] The semiconductor memory characterized by including at least 

the process which forms the 1st insulator layer on part of the principal plane of a semiconductor 
substrate, 

the process which forms the 2nd and 3rd insulator layers one by one in the part other than on the 
principal plane of the aforementioned semiconductor substrate and the upper part of this 1st 
insulator layer, 

the process which deposits a gate electrode component on the upper part of this 3rd insulator 
layer, 

the process which forms the 1 st gate electi^ode by carrying out patterning of this gate electrode 
component, the 3rd aforementioned insulator layer, the 2nd aforementioned insulator layer and 
the 1 st insulator layer, 

the process which forms the 2nd gate electrode by carrying out patterning of the aforementioned 
gate electrode component, the aforementioned 3rd insulator layer and the 2nd insulator layer, 
the manufacture technique process which removes alternatively the edge of the 2nd insulator 
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layer of both the 1st and 2nd gate electrodes, and thereby forms space, and 
the process which forms a charge accumulation layer in this space. 

[Claim 10] The manufacture technique of the semiconductor memory characterized by including 
at least 

the process which forms the 1st, the 2nd, and 3rd insulator layers one by one on the principal 
plane of a semiconductor substrate, 

the process which forms the 1 st gate electrode by carrying out patterning this gate electrode 
component, the 3rd aforementioned insulator layer, the 2nd aforementioned insulator layer and 
the 1st insulator layer after depositing the 1st gate electrode component on the upper part of this 
3rd insulator layer, 

the process which forms the 2nd gate electrode formation field by removing the aforementioned 
gate electrode component, the 3rd aforementioned insulator layer, the 2nd aforementioned 
insulator layer and the 1st insulator layer of part of principal plane of the aforementioned 
semiconductor substrate, the process being simultaneously process performed with the 1st gate 
electrode formation process, 

the process which removes alternatively the edge of the 2nd insulator layer of the above 1 st gate 
electrode, and forms space, 

the process which forms an ultra-thin insulator layer on the principal plane of the aforementioned 
semiconductor substrate, 

the process which forms a charge accumulation layer in the space of the above 1st gate 
electrode by carrying out anisotropic etching of this charge accumulation layer component after 
depositing the material which constitutes a charge accumulation layer 

the process which forms the 2nd gate electrode by carrying out patterning of the 2nd gate 
electrode component, the aforementioned 4th insulator layer, aforementioned charge 
accumulation layer component and ultra-thin insulator layer, after depositing the 4th insulator 
layer and the 2nd gate electrode component on the principal plane of the aforementioned 
semiconductor substrate. 

[Claim 11] The nonvolatile semiconductor memory characterized by having 
the heights arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 
the principal plane of the aforementioned semiconductor substrate containing these heights, 
the charge accumulation layer arranged at the edge of the 2nd aforementioned insulator layer, 
and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 12] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a heights on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, auid 3rd 
insulator layers by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing these heights, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 13] The nonvolatile semiconductor memory characterized by having 

the heights arranged on the principal plane of a semiconductor substrate, and 

the gate insulator layer which consists of the 1st and 2nd insulator layers arranged on the 

principal plane of the aforementioned semiconductor substrate containing this heights, 

the charge accumulation layer arranged between the 1st and 2nd insulator layers, and 

the gate electrode arranged on the aforementioned gate insulator layer 
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[Claim 14] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a heights on the principal plane of a semiconductor substrate, 
the process that forms the 1st insulator layer, a charge accumulation layer component and the 
3rd insulator layer one by one, on the aforementioned semiconductor substrate containing this 
heights, and 

the process which forms a gate electrode by carrying out patterning of this 1st insulator layer, a 
charge accumulation layer component, and the 3rd insulator layer. 

[Claim 15] The nonvolatile semiconductor memory characterized by having 

the concavity arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 

the principal plane of the aforementioned semiconductor substrate containing this concavity, 

the charge accumulation layer arranged at the edge of the aforementioned 2nd insulator layer, 

and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 16] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, and 3rd 
insulator layers, by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing this concavity, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 17] The nonvolatile semiconductor memory characterized by having 

the concavity arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st and 2nd insulator layers arranged on the 

principal plane of the aforementioned semiconductor substrate containing this concavity, 

the charge accumulation layer arranged between the 1st and 2nd insulator layers, and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 18] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process that forms the 1 st insulator layer, a charge accumulation layer component and the 
3rd insulator layer, one by one, on the aforementioned semiconductor substrate containing this 
heights, 

the process which forms a gate electrode by carrying out patteming of this 1st insulator layer, a 
charge accumulation layer component, and the 3rd insulator layer. 

[Claim 19] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, and 3rd 
insulator layers by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing this concavity, 

the process which forms the gate electrode embedded at the aforementioned concavity by 
removing this gate electrode component by the chemical mechanical polishing technique after 
depositing a gate electrode component on the upper part of this gate insulator layer. 
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the process which removes the edge of the aforementioned 2nd insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 20] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, and 
the process which forms the 1 st insulator layer, a charge accumulation layer component, and the 
3rd insulator layer one by one on the principal plane of the aforementioned semiconductor 
substrate containing this concavity, 

the process which forms the gate electrode embedded at the aforementioned concavity by 
removing this gate electrode component by the chemical mechanical polishing technique after 
depositing a gate electrode component on the upper part of this 3rd insulator layer. 

[Claim 21] The nonvolatile semiconductor memory characterized by having 

the gate electrode arranged through a gate insulator layer on the principal plane of a 

semiconductor substrate, 

the concavity arranged at the edge of this gate electrode, and 

the charge accumulation layer arranged through an insulator layer in the upper part of both a 
channel field and a source drain field at this concavity. 
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[Detailed Description of the Invention] 



[0001] [The technical field to which invention belongs] 

This invention relates to an electrically programmable and erasable nonvolatile semiconductor 
memory and its manufacture technique, a high speed programmable and readable volatile 
semiconductor memory and its manufacture technique, and a semiconductor memory having a 
nonvolatile semiconductor memory and a volatile semiconductor memory on the same chip, and 
its manufacture technique. 

[0002] [Description of the Prior Art] 1 

In non-volatile memories, such as conventional EEPROMs (Electrically Erasable and 
Programmable Read Only Memory), a 1 bit information is memorized in one cell by realizing two 
different thresholds in one cell. 

On the other hand, for the formation of memory high-density, four or more thresholds are given to 
one cell, and the technique of memorizing the above information in one cell by 2 bits is proposed 
(M. Bauer eta!., ISSCC95, and p. 132). 

However, in order to realize this technique, an exact control of the threshold voltages, the exact 
detection for small changes of threshold voltage, and further, a charge hold reliability more than 
the former are required. 

Therefore, with this technique, a performance equivalent to the former can actually not 
necessarily be obtained. 

Moreover, this technique also has the problem, that the manufacture yield is low. 
For this reason, the cellular structure which memorizes a plurality of bit information by 
accumulating a charge in a plurality of physically different positions is newly proposed (B. Eitan 
et al, IEDM96, pi 69, and Fig. 6). 

Moreover, as a similar cellular structure to this, a structure providing a charge accumulation layer 
on the side wall of the gate electrode has been proposed by this invention person before (U.S. 
patent number of No. 4881 108). 

However, the manufacturing process of these cellular structures is very complicated, and has the 
problem that the controllability of a channel field is not enough, either. 

[0003] On the other hand, from the demand for system-on-chips of these days, the necessity of 
realizing an electrically writing-in erasable non-volatile memory and a high speed writing-in 
read-out erasable volatile memory on the same chip is increasing. 

Especially, the demand for VLSI, which combine a high speed operation dynamic RAM and a 
non-volatile memory with a floating-gate structure such as EEPROM and flash memory, is 
increasing rapidly. 

However, the memory cell of a dynamic RAM in recent years has very complicated 
three-dimensional structure called trench structure and stack structure. 

For this reason, if it is going to combine floating-gate type non-volatile memory and a dynamic 
RAM, from the difference in the memory cell structure, a manufacture process will be 
complicated and the number of mask processes will also increase. 
Therefore, the manufacturing cost of the combined chip will become very big. 

[0004] If the memory cell of a dynamic RAM is realized using the memory cell structure of 
non-volatilized floating-gate type memory, it is possible for a manufacture process to be 
simplified by communalization of the cellular structure and to reduce a manufacturing cost by it. 
However, in the communalized memory cell, it is difficult to realize the high-speed writing which 
is the characteristic feature of a dynamic RAM. 

[0005] [Problem(s) to be Solved by the Invention] 

This invention is accomplished in view of the above-mentioned situation, and aims at offering the 
structure of the nonvolatile semiconductor memory which can memorize the two or more bit 
information with an easy cellular structure. 

[0006] Other purposes of this invention are offering the manufacture technique of the nonvolatile 
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semiconductor memory which manufactures the nonvolatile semiconductor memory which 
memorizes a two or more bit information in an easy manufacture process. 

[0007] The further other purpose of this invention is offering the structure of a semiconductor 
memory with an easy cellular structure having an electrically programmable erasable 
non-volatile memory and a high-speed read-out write-in volatile memory combined. 

[0008] The further other purpose of this invention is offering the manufacture technique of a 
semiconductor memory with an easy manufacture process having an electrically programmable 
erasable non-volatile memory and a high-speed read-out write-in volatile memory combined. 

[0009] [Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the 1st characteristic feature of this Invention Is 
a nonvolatile semiconductor memory comprising at least 

a 1st gate electrode arranged on the principal plane of a semiconductor substrate with a gate 
insulator layer in-between the two, 

a charge accumulation layer on the side face of the 1st gate electrode, 

a 2nd gate electrode on the 1st gate electrode with the charge accumulation layer in-between the 
two, 

an electric conduction layer electrically connecting the 1st gate electrode and the 2nd gate 
electrode. 

[001 0] The 2nd characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 
the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged at the edge of the 2nd insulator layer, and 
the gate electrode arranged on the gate insulator layer. 

[0011] The 3rd characteristic feature of this invention is a semiconductor memory combining a 
nonvolatile semiconductor memory and a volatile semiconductor memory, 
the nonvolatile semiconductor memory comprising at least 

a 1st lower insulator layer arranged on the principal plane of the semiconductor substrate, and 
a 1st interval insulator layer arranged at the upper part of the center of the 1st lower insulator 
layer, 

the 1st up insulator layer arranged at the upper part of the 1st charge accumulation layer 

arranged at the upper part of the edge of the 1st lower insulator layer, and 

the 1st interval insulator layer and the 1st charge accumulation layer, 

the 1st gate electrode arranged at the upper part of the 1st up insulator layer, 

the volatile semiconductor memory comprising at least 

a 2nd lower insulator layer which has been arranged on the principal plane of the semiconductor 
substrate and which consists of the same material as the 1st Interval insulator layer, 
on the principal plane of a semiconductor substrate, and 

the ultra-thin insulator layer arranged to the ends of the 2nd lower insulator layer, 
the 2nd charge accumulation layer which has been arranged at the upper part of an ultra-thin 
insulator layer and which consists of the same material as the 1 st charge accumulation layer, 
the 2nd gate electrode arranged at the upper part of the 2nd up insulator layer which has been 
arranged at the upper part of the 2nd lower insulator layer and the 2nd charge accumulation 
layer, and which consists of the same material as the 1st up insulator layer, and the 2nd up 
insulator layer. 

[0012] The 4th characteristic feature of this invention is a semiconductor memory which 
combines a nonvolatile semiconductor memory and an volatile semiconductor memory, the 
nonvolatile semiconductor memory comprising at least the 1st lower insulator layer arranged on 
the principal plane of a semiconductor substrate, and the 1st interval insulator layer arranged at 
the upper part of the center of the 1st lower insulator layer, the 1st up insulator layer arranged at 
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the upper part of the 1st charge accumulation layer arranged at the upper part of the edge of the 
1st lower insulator layer, and the 1st interval insulator layer and the 1st charge accumulation 
layer, the 1st gate electrode arranged at the upper part of the 1st up insulator layer, an volatile 
semiconductor memory comprising at least the 2nd charge accumulation layer which has been 
arranged on the ultra-thin insulator layer arranged on the principal plane of a semiconductor 
substrate, and an ultra-thin insulator layer and which consists of the same material as the 1st 
charge accumulation layer, the 2nd gate electrode arranged on the 2nd up insulator layer 
arranged on the 2nd charge accumulation layer and the 2nd up insulator layer. 

[0013] The 5th characteristic feature of this invention \s\he nonvolatile semiconductor nnemory 
comprising at least the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator 
layers arranged on the principal plane of the semiconductor substrate containing the heights or 
concavity arranged on the principal plane of a semiconductor substrate, and a heights or a 
concavity, the charge accumulation layer arranged at the edge of the 2nd insulator layer, and a 
gate electrode arranged on the gate insulator layer. 

[0014] The 6th characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least the charge accumulation layer arranged between the gate insiulator layer 
which consists of the 1st and 2nd insulator layers arranged on the principal plane of the 
semiconductor substrate containing the heights or concavity arranged on the principal plane of a 
semiconductor substrate, and a heights or a concavity, and the 1st and 2nd insulator layers, and 
the gate electrode arranged on a gate Insulator layer. 

[0015] The 7th characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least the gate electrode arranged on the principal plane of a semiconductor 
substrate with a gate insulator layer inbetween, the concavity arranged at the edge of a gate 
electrode, the charge accumulation layer arranged at the concavity with an insulator layer 
inbetween, and a charge accumulation layer arranged at the upper part of both a channel field 
and a source drain field. 

[0016] [Embodiments of the Invention] 

With reference to a drawing, the embodiment forms of this invention are explained below. 

In the publication of the following drawings, the same or similar sign is given to the same or 

similar fraction. 

However, a drawing is typical and the proportion of the relation between thickness and a 
flat-surface dimension and the thickness of each class etc. should regard differing from an actual 
thing. 

Therefore, in consideration of the following explanations, you should judge concrete thickness 
and a concrete dimension. 

Moreover, of course, between drawings the fraction from which the relation and proportion of a 
mutual dimension, also contain differences. 

[0017] (1st Embodiment Form) Fig. 1 is the cross section showing the memory cell structure of 
the nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 
This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the nonvolatile semiconductor memory concerning the 1st 
embodiment form of this invention, the 1st gate electrode 3 is formed in the front face of the p 
type semiconductor substrate i through the gate insulator layer 2, and the charge accumulation 
layer 4 (4a, 4b) is formed on both sides of the 1st gate electrode 3. 

This charge accumulation layer 4 has the laminated structure, the 1st layer is oxide film 5, the 
2nd layer consist of a nitride 6, and the 3rd layer consists of the 2nd oxide film 7. 
Furthermore, the 2nd gate electrode 8 is formed in the upper part of the charge accumulation 
layer 4. 

The side wall spacer 9 is formed in the side face of the charge accumulation layer 4, 

and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 

and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
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type diffusion layer 1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 is formed in each front face of the 1st gate electrode 3, the 
charge accumulation layer 4, the 2nd gate electrode 8, and n+ type diffusion layer 1 1 . 
The 1st gate electrode 3 and the 2nd gate electrode 8 are electrically connected through this 
electric conduction layer 12. 

[0018] The memory cell of the nonvolatile semiconductor memory concerning the 1st 
embodiment form of this invention has LDD (Lightly Doped Drain) structure which constituted the 
source field and the drain field, from an n- type diffusion layer 10 of low impurity concentration, 
and an n+ type diffusion layer 1 1 of high impurity concentration. 

And then, the charge accumulation layer 4 is formed in the both sides of 1st gate electrode 3, 
and the threshold change of potential, which is produced according to the existence of the 
electron held at the nitride layer 6 of these two charge accumulation layers 4, this threshold 
change of potential is made to correspond to a storage information "00", "01 "10", and "1 1 ". 
Furthermore, the 2nd gate electrode 8 is formed in the upper part of the charge accunnulation 
layer 4, by electrically connecting this 2nd gate electrode 8 to the 1st gate electrode 3, the 
controllability of a channel field is raised and detection for threshold voltage change is made 
easy. 

[0019] Next, an operation of the non-volatile memory concerning the 1st embodiment form of this 
invention is explained using Fig. 2 to Fig. 4 . 

Fig. 2 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 3 is a cross section of the non-volatile memory explaining a read-out operation. 

Fig. 4 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 2 , at the time of the writing of a memory cell, the high voltage (-lOV) is 

impressed to gate G, and simultaneously, the high voltage (-8Vj is applied to drain D in the 

proximity of charge accumulation layer 4b which accumulates an electron, and the non-proximity 

source S is grounded. 

Thus, if a voltage is impressed, a channel thermoelectron (Channel Hot Electron) will occur and 
this thermoelectron will be captured by the nitride 6 of charge accumulation layer 4b. 
When the charge accumulation layer 4b captures an electron, the threshold voltage of a cell 
transistor changes. 

Read-out of a memory cell is performed by detecting a part for a threshold change of potential. 
Specifically, as shown in Fig. 3 , voltage 5V are added to gate G, voltage 3V are simultaneously 
impressed to drain D, and the difference of the amount of currents is detected with a sense 
amplifier. 

Moreover, as shown in Fig. 4 , a deletion of a memory cell is performed by impressing a negative 
voltage (at least - 6V) to gate G, a right voltage (9V) to drain D In the proximity of charge 
accumulation layer 4b to be erased, and by emitting trapped electron of charge accumulation 
layer 4b. 

In addition, as everyone knows, source S and drain D of an MOS transistor are made 
symmetrically, and, generally source S and drain D can be changed. 

Therefore, also in the above-mentioned explanation, it is possible to replace source S and drain 
D. 

[0020] Next, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 1st embodiment form of this invention is explained using Fig. 5 through 
Fig. 9 . 

As first shown in Fig. 5 , the 25nm gate insulator layer 2 is formed by thermal oxidation on the p 
type semiconductor substrate 1 . 

Then, after depositing the 300nm polycrystal silicon layer which is doped by n type or p type 
impurity by the LPCVD (Low Pressure Chemical Vapor Deposition) method all over p type 
semiconductor substrate 1 , patterning is carried out with well-known exposure technique and 
well-known etching technique, and the 1 st gate electrode 3 is formed. 
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[0021] Next, as shown in Fig. 6 , after removing the gate insulator layer 2 of the front face of the p 
type semiconductor substrate 1 of the field which forms a source field and a drain field, the p type 
semiconductor substrate 1 is oxidized thermally in a 900 degrees C - 1200 degrees C oxidizing 
atmosphere, and the 1st 1 0nm oxide film 5 is formed. 

And the lOnm - lOOnm nitride 6 is deposited by the LPCVD method on the 1st oxide film 5, and 
after that, the 2nd about 5nm oxide film 7 is formed in nitride 6 front face by 900-degree C 
hydrogen-burning oxidization or CVD. 

[0022] Next, as shown in Fig. 7 , after depositing about 25-250nm polycrystal silicon on the 2nd 
oxide film 7 by the LPCVD method for example, anisotropic etching by the RIE (Reactive Ion 
Etching) method is performed, and by removing of this polycrystal silicon layer, the 1st oxide film 
5, the nitride 6, and the 2nd oxide film 7 only their film thickness psirt, the charge accumulation 
layer 4 which has the 2nd gate electrode 8 in the upper part Is formed at the 1 st gate electrode 
side face. 

[0023] Next, as shown In Fig. 8 , n- type diffusion layer 10 of low Impurity concentration is 
formed. 

It is formed by ion-implantation technique, that is by pouring in n type impurity using the 1st gate 
electrode 3 and the charge accumulation layer 4 as the mask, and by activating the impurity 
which was poured in by subsequent heat treatment. 

[0024] Next, as shown in Fig. 9 , after forming the side wall spacer 9 in the side wall of the charge 
accumulation layer 4, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
It is formed by ion-implantation technique, that is by pouring in n type impurity using the 1st gate 
electrode 3, the charge accumulation layer 4 and the side wall spacer 9 as the mask, and by 
activating the impurity which was poured in by subsequent heat treatment. 

[0025] Next, high-melting point metal membranes, such as a tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the p type semiconductor substrate 1, and then, by 
heat-treating the p type semiconductor substrate 1 In an inert atmosphere In each front face of 
the 1st gate electrode 3, the charge accumulation layer 4, the 2nd gate electrode 8, and n+ type 
diffusion layer 11, the electric conduction layer 12 which consists of a refractory-metal silicide is 
formed. 

At this time, the thickness of the 1st oxide film 5, the nitride 6, the 2nd oxide film 7, especially the 
nitride 6 needs to be set up so that it may reach 1 st gate electrode 3 and the refractory-metal 
silicide layer on the 2nd gate electrode 8 may carry out a bridging. After electric conduction layer 
.12 formation, if the unreacted refractory metal which remained in fields other than the above Is 
removed, the memory cell structure shown in Fig. 1 will be completed. 

[0026] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 1 , and a final nonvolatile memory cell is 
completed. 

[0027] According to the 1st embodiment form of this invention, since the 2nd gate electrode 8 
was formed also in the upper part of the charge accumulation layer 4, the controllability of a 
threshold voltage Improves. 

In addition, the same effect is acquired, even if it is the case where it constitutes from a p type 
MOS transistor, although the 1st embodiment form of this invention explained the case where a 
memory cell was constituted from an n type MOS transistor. 

Moreover, the memory cell has an LDD structure and It may be single drain structure or double 
drain structure. 

[0028] (2nd embodiment form) 

Next, the 2nd embodiment form of this invention is explained. 
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Fig. 10 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 2nd embodiment form of this invention. 
This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the non-volatile memory concerning the 2nd embodiment form 
of this invention, the 2nd gate insulator layer 14 is formed in the front face of the p type 
semiconductor substrate 1 through the 1st gate insulator layer 13. 

And the charge accumulation layers 4a and 4b are formed at the ends of the 2nd gate insulator 
layer 14. 

On the 2nd gate insulator layer 14 and charge accumulation layers 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 15. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 10 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- 
type diffusion layer -1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 is formed on each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0029] The memory cell of the nonvolatile semiconductor memory concerning the 2nd 
embodiment form of this invention has LDD structure which constituted the source field and the 
drain field from an n- type diffusion layer 10 of low impurity concentration, and an n+ type 
diffusion layer 1 1 of high impurity concentration. 

And a gate insulator layer consists of three layer cascade screen consisting of 1st gate insulator 
layer 13 (lower layer), 2nd gate insulator layer 14 (interlayer), and of the 3rd gate insulator layer 
15 (upper layer), and the charge accumulation layers 4a and 4b are formed in the both ends of 
the 2nd gate insulator layer 1 4. 

An electron is accumulated to these two charge accumulation layers 4a and 4b, the store status 
being one of the four following status, namely 

(1) the status that neither accumulation layer 4a nor 4b are accumulating electrons, 

(2) the status that only charge accumulation layer 4a is accumulating the electron, 

(3) the status that only charge accumulation layer 4b is accumulating the electron, 

(4) the status that charge accumulation layers 4a and 4b are both accumulating the electron. 
The amount of threshold change of potential according to the existence/non-existence of the 
electron held at these two charge accumulation layers 4a and 4b is made to correspond to 
storage information "00", "01 ", "10" and "1 1 ." 

Moreover, with this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold voltage of a channel field center 
section is decided only by impurity concentration of a channel field, and it does not depend for it 
on the store status of the electron of the charge accumulation layers 4a and 4b. 
Therefore, the faulty deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layers 4a and 4b is prevented, and faulty deletion which originates by that 
cause, such as the poor leakage, a poor program, and poor read-out can not be produced. 
Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and highly reliable nonvolatile semiconductor memory can be realized. 
It is advisable for the charge accumulation layers 4a and 4b to consist of silicon nitride of high 
charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer or a pojycrystal silicon layer, it can be manufactured 
cheaply. 

If the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are furthermore constituted 
from a silicon nitride (Si3N4 layer) which has a dielectric constant of about 2 times the one of a 
silicon oxide (Si02 layer), a silicon-oxide conversion thickness can stabilize for it and realize the 
very thin gate insulator layer which is about 4nm - 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
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thickness is 5nm is about 10nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is reduced, and 
not only micronlzatlon of a memory cell but micronization of a circumference high-voltage 
operation element of it is attained. 

[0030] Although n- type diffusion layer 10 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
cell of the nonvolatile semiconductor memory concerning the 2nd embodiment form of this 
invention, a source field and a drain field may consist of single drain structure and double drain 
structure. 1 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a-4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film which has a high dielectric constant is used for 2 gate insulator 
layer 1 4, the current transfer characteristics of the center of a channel field can be improved As a 
metal oxide film, there are Ti02, Ta205, aluminum205, and PZT and SBT. 

[0031] Next, an operation of the non- volatile memory concerning the 2nd embodiment form of 
this invention is explained using the Fig. 1 1 and the Fig. 12 . 
Fig. 1 1 is a cross section of the non-volatile memory explaining a write-in operation. 
Fig. 12 is a cross section of the non-volatile memory explaining a deletion operation. 
As shown in Fig. 1 1 , at the time of the writing of a memory cell, about 7-8V Is impressed to gate 
G, about 5V is impressed to dran D, respectively, and source S is grounded. 
Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermoelectron (CHE) . 

When pouring an electron into charge accumulation layer 4a by the side of a source field you just 
need to replace in the above-mentioned case the voltage impressed to each drain D and source 
S, 

On the other hand, as shown in Fig. 12 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by drawing out an electron from the charge 
accumulation layers 4a and 4b using a Fowler-Nordheim (FN) type tunnel current. 
Moreover, when the gate electrode 3 is shared by two or more memory cells, an electron can be 
simultaneously drawn out from those memory cells. 

In this case, source S and drain D should just take as the p type semiconductor substrate 1 and 
this potential. 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to drain D, and to draw out an electron for source S only from floating 
potential (Floating), then charge accumulation layer 4a by the side of drain D. 
What is necessary is to impress a right voltage to source S, in drawing out an electron only from 
charge accumulation layer 4b by the side of source S, and just to let drain D be floating potential. 

[0032] The writing of a memory cell can also be performed like a deletion of a memory cell using 
FN current. 

About 10V is impressed between gate G and the p type semiconductor substrate 1, and an 
electron is poured into the charge accumulation layers 4a and 4b with FN current. 
In this case, an electron can be simultaneously poured into two or more memory cells in which 
have gate G in common. 

[0033] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current which flows between source S and drain D. 
It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different 
current transfer characteristics are obtained and, thereby, the information for 2 bits can be 
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memorized in one cell. 



[0034] Next, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 2nd embodiment form of this invention is explained using Fig. 13 
through Fig. 19 . 

As first shown in Fig. 13 , the small silicon nitride of charge store capacity is deposited all over p 
type semiconductor substrate 1 , and the about 1 0nm 1 st gate insulator layer 13 is formed. 
Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD (Jet-Vapor-Deposition) method. 

The JVD method is indicated by bibliography 'T.P.Ma, IEEE Transactions ON Electron Devices, 
Volume 45 Number 3, and March 1998 p680." 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the silicon nitride of small charge store capacity is deposited by the JVD method, and the 
about 1 0nm 3rd gate insulator layer 1 5 is formed. 

[0035] Next, as shown in Fig. 14 , after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semicoriductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then the 1st gate insulator layer 13 of the front face of the p type semiconductor substrate 1 of 
the field which uses the gate electrode 3 as a mask and forms a source field and a drain field, the 
2nd gate insulator layer 14 and the 3rd gate insulator layer 15 are dry-etched self-conformably. 

[0036] Next, as shown in Fig. 15 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 selectively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
2nd embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains HF gas, instead of the wet etching method which 
used the etching reagerrt. 

[0037] Next, as shown in Fig. 1 6 , it deposits so that the space 17 for charge accumulation layer 
formation may be completely embedded in the silicon nitride 18 of high charge store capacity by 
the LPCVD method all over p type semiconductor substrate 1. 

And as shown in Fig. 17 , anisotropic etching by RIE is performed to the p type semiconductor 
substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
silicon nitride of high charge store capacity are formed. 

[0038] Next, as shown in Fig. 18 , after forming an oxide film 16 all over p type semiconductor 
substrate 1, n- type diffusion layer 10 of low impurity concentration is formed. 
N- type diffusion layer 10 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 as the mask, and by activating the impurity that was poured in 
with subsequent heat treatment. 

[0039] Next, as shown in Fig. 19 , after forming the side wall spacer 9 in the side wall of the gate 
electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
N+ type diffusion layer 1 1 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 and the side wall spacer 9 as the mask, and by activating the 
impurity that was poured in with subsequent heat treatment. 
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[0040] Next, membranes of high-melting point metals such as a tungsten, titanium, and cobalt, 
are deposited by CVD or the spatter all over the p type semiconductor substrate 1 , and then, by 
heat-treating the p type semiconductor substrate 1 in an inert atmosphere, in each front face of 
the gate electrode 3 and n+ type diffusion layer 11 the electric conduction layer 12 which 
consists of a refractory-metal silicide is formed. 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 10 will be 
completed. 

[0041] In addition, although illustration is not carried! out, it passes through usual CMOS 
manulacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 10 , and a final nonvolatile memory cell is 
completed. 

[0042] Thus, with the 2nd embodiment form of this invention, the charge accumulation layers 4a 
and 4b can be formed in a self-matching way down the ends of the gate electrode 3. 

Therefore, micronization in the orientation of gate length of a cell transistor is attained. 

Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 

Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0043] Moreover, the width of face of the orientation of channel length of the charge 
accumulation layers 4a and 4b can be easily controlled by adjustment of the etch-rate difference 
and etching time of the 1st gate insulator layer 13, and of the 3rd gate insulator layer 15 and the 
2nd gate insulator layer 14,. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13, 
3rd insulator layer 15, and oxide film 16, the nonvolatile semiconductor memory with excellent 
charge hold property can be offered. 

Charge accumulation layers 4a and 4b are formed extending in the orientation of a channel field 
from the edge of the gate electrode 3, and the current-conducting characteristics of a memory 
cell are mainly set by the charge store status of the part by the side of the channel field of the 
charge accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this part is reduced to the limits, more 
detailed nonvolatile semiconductor memory can be offered. 

[0044] Furthermore, since the cellular structure is easily realizable at usual CMOS process, 
nonvolatile semiconductor memory can be manufactured at low cost using the existing 
production line. 

[0045] (3rd Embodiment Form) Next, the 3rd embodiment form of this invention is explained. 
The 3rd embodiment form of this invention is the 2nd embodiment form shown in Fig. 10 with the 
silicon oxide transposed for the 1 st gate insulator layer 1 3 and the 2nd gate insulator layer 14 are 
transposed to a silicon nitride, and the 3rd gate insulator layer 15 is to a silicon oxide. 
Hereafter, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 3rd embodiment form of this invention is explained with reference to 
Fig. 13 through Fig. 15. 

[0046] First, as for the memory cell of the nonvolatile semiconductor memory concerning the 3rd 
embodiment form of this invention, the p type semiconductor substrate 1 is oxidized thermally, 
and the 1st gate insulator layer 13 which consists of an about lOnm silicon oxide is formed. 
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After 1st gate insulator layer 13 formation, the silicon nitride of the low charge store capacity is 
deposited by the JVD method and the about 5-1 Onm 2nd gate insulator layer 14 is formed. 
Then, a silicon oxide is deposited by CVD and the about 10nm 3rd gate insulator layer 15 is 
formed (refer to the Fig. 13 ). 

[0047] Next, after depositing the about 50-250nm polycrystal silicon layer which is doped with n 
type or p type impurity by the LPCVD method all over p type semiconductor substrate 1, 
patterning is carried out with exposure technique and etching technique, and the gate electrode 
3 is formed. 

Then, at the 1 st gate insulator layer 1 3, the 2nd gate insulator layer 1 4, and the 3rd gate insulator 
layer 15 of the front face of the p type semiconductor substrate 1 of the field which forms a 
source field and a drain field using the gate electrode 3 as a mask, dry etching is carried out 
self-adjustingly (refer to the Fig. 1 4 ) . 

[0048] Next, the p type semiconductor substrate 1 is oxidized thermally, and a thin silicon oxide is 

formed all over p type semiconductor substrate 1 . 

Then, the space 1 7 for charge accumulation layer formation is formed. 

The space 17 for this charge accumulation layer formation is formed by using the etching 
reagent with the large etch rate on the 2nd gate insulator layer 14 rather than on thelst gate 
oxide-film 13 and the 3rd gate insulator layer 15, and carrying out wet etching selectively the 
edge of the 2nd gate insulator layer 14. 

With the 3rd embodiment form of this invention, since 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon oxide and the 2nd gate insulator layer 14 is 
constituted from a silicon nitride, for example a phosphoric-acid type may be used as an etching 
reagent. 

In addition, since the silicon nitride 14 hardly oxidizes by thermal oxidation processing, an oxide 
film is not formed in the side face of the 2nd gate insulator layer, but, for this reason, the 
selectivity of etching improves (refer to the Fig. 15 ). 

Moreover, you may form the space 17 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains CF4 gas instead of the wet etching method which 
used the etching reagent. 

The subsequent process is the saime as the 2nd embodiment form. 



[0049] (4th embodiment form) Next, the 4th embodiment form of this invention is explained. Fig. 
20 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 4th embodiment form of this invention. 

The 4th embodiment form of this invention is the example that constituted the memory cell from a 
p type MOS transistor. 

As shown in Fig. 20, with the memory cell structure of the non-volatile memory concerning the 
4th embodiment form of this invention, the 2nd gate insulator layer 14 is formed in the surface of 
the n-type-semiconductor substrate 19 through the 1st gate insulator layer 13. 
The charge accumulation layers 4a and 4b are formed in the ends of 2 gate insulator layer 14. 
On the 2nd gate insulator layer 14 and charge accumulation layer 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 1 5. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and p- type diffusion layer 20 of the low impurity concentration which touches a channel field, 
and p+ type diffusion layer 21 of the high impurity concentration located in the outside of this p- 
type diffusion layer 20 are formed in the n-type-semiconductor substrate 19 of the lower part of 
this side wall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and p+ type 
diffusion layer 21. 

[0050] Next, an operation of the non-volatile memory concerning the 4th embodiment form of this 
invention is explained using the Fig. 21 and the Fig. 22 . 

Fig. 21 is a cross section of the non-volatile memory explaining a write-in operation. 
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Fig. 22 is a cross section of the non-volatile memory explaining a deletion operation. 
As shown in Fig. 21 , at the time of the writing of a memory cell, about 5V is impressed to gate G, 
and about -5V is impressed to drain D, respectively, and let source S be floating potential. 
Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain field, and an electron is poured into 
charge accumulation layer 4b by the side of a drain field. 

The voltage impressed to drain D and source S is replaced with each other, in pouring an 
electron into charge accumulation layer 4a by the side of a source field. 

On the other hand, as shown in Fig. 22, a deletion of a memory cell impresses a negative voltage 
(at least -SV) to gate G, and is performed by Fig. out anl electron from the charge accumulation 
layers 4a and 4b using FN current. 

Moreover, when gate G is shared with plural cells, an eleptron can be simultaneously drawn out 
from those memory cells. 

In this case, source S and drain D are taken as the n-type-semiconductor substrate 19, this 
potential, or floating potential. 

[0051] It is possible to perform it, even if the writing of a memory cell uses a channel 
thermoelectron like the 2nd embodiment form of this invention. 

In this case, about -2.5V is impressed to gate G, about -5V is impressed to drain D, respectively, 
and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermoelectron. 

On the other hand, just to replace the voltage impressed to drain D and source S is replaced with 
each other, in pouring an electron into charge accumulation layer 4a of a source field. 

[0052] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current that flows between source S and drain D. 
It uses that the current transfer characteristics near the source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0053] {5th embodiment form) Next, the 5th embodiment form of this invention is explained. 
Generally, a peripheral circuit is arranged in semiconductor memory around a memory cell array. 
For example, there are a decoder, writing/deletion circuit, a readout circuitry, an analog circuit, 
various kinds of I/O circuits, various kinds of capacitor circuits, etc. as the peripheral circuit. 
The 5th embodiment form of this invention shows the example that manufactures simultaneously 
the MOS transistor which constitutes these peripherals circuit using the manufacturing process 
of the memory cell transistor of the 2nd - the 4th embodiment form. 

Fig. 23 is a cross section showing the structure of the MOS transistor that constitutes the 
peripheral circuit of the nonvolatile semiconductor memory concerning the 5th embodiment form 
of this invention. 

As shown in Fig. 23 , according to the 5th embodiment form of this invention, seven kinds of 
MOS transistors (Tr1-Tr7) from which a gate Insulator layer is different in addition to a memory 
cell transistor (memory cell Tr) are realizable. 

In addition, the memory cell transistor of Fig. 23 is a memory cell transistor shown in Fig. 1 0. 
Moreover, MOS transistors Tri -Tr7 show n type MOS transistor altogether, n- type diffusion layer 
1 0 of a memory cell transistor and n+ type diffusion layer 1 1 , and the electric conduction layer 12 
are omitted in order to make a drawing legible. 
MOS transistors Tri -Tr7 are omitted in the same way. 

[0054] Next, the manufacture technique of an MOS transistor shown in Fig. 23 is explained using 
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the Fig, 24 or the Fig. 30. 

As shown in Fig. 24 , the small silicon nitride of charge store capacity is deposited by the JVD 
method all over p type semiconductor substrate 1, and the about lOnm 1st gate insulator layer 
13 is formed, 

Well-known exposure technique and well-known dry etching technique remove the 1st gate 
insulator layer 13 of the field of the part on the p type semiconductor substrate 1 after 1st gate 
insulator layer 13 formation. 

And as shown in Fig. 25, a silicon oxide is deposited by CVD and the about 5-1 Onm 2nd gate 
insulator layer 14 is formed. 

Exposure technique and dry etching technique remove the 2nd gate insulator layer 14 of a part 
of field after 2nd gate insulator layer 14 formation. 

Then, as shown in Fig. 26 , the small silicon nitride of charge store capacity is deposited by the 
JVD method, and the about 1 0nm 3rd gate insulator layer 15 is formed. 

Exposure technique and dry etching technique remove the 3rd gate insulator layer 15 of a part of 
field after 3rd gate insulator layer 15 formation. 

It does in this way and the 1st gate insulator layer 13 and seven kinds of gate insulator layers 
which reach 2nd gate insulator layer 14 and consist of at least one of the 3rd gate insulator 
layers 15 are realized. 

In the above method, seven kinds of gate insulator layers are realized 

[0055] Next, as shown in Fig. 27 , after depositing the about 50-250nm poly crystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and plural 
gate electrodes 3 are formed. 

Furthermore, the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and 3 gate insulator 
layer 15 of the surface of the p type semiconductor substrate 1 in the field which uses the gate 
electrode 3 as a mask and forms each source field and drain field of a memory cell transistor and 
an MOS transistor by dry etching, is removed. 

[0056] Next, as shown in Fig. 28, the field which forms MOS transistors Tri -Tr7 is covered by the 
photoresist 22, and wet etching of the field which forms a memory cell transistor is carried out. 
An etching reagent uses what has an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxidization film 13 and the 3rd gate insulation film 15. 

The edge of the 2nd gate insulation film 14 of the domain that forms a memory cell transistor by 
this wet etching is etched alternatively, and the space 1 7 for electric charge accumulation layer 
formation is formed. 

Since the 1 st gate oxide film 1 3 and the 3rd gate insulator layer 1 5 are constituted from a silicone 
nitriding film and the 2nd gate insulation layer 14 is constituted from a silicone oxide film, for 
example, a fluoric acid type is used as etching reagent. 

And as shown in Fig. 29, it deposits so that the space 17 for charge accumulation layer formation 
may be completely embedded in the high silicon nitride 18 of charge store capacity by the 
LPCVD method all over p type semiconductor substrate 1 . 

Then, as shown in Fig. 30, anisotropic etching by RIE is performed to the whole surface of p type 
semiconductor substrate 1 , and the electric charge accumulation layers 4a and 4b that consisted 
of high silicone nitriding filrns of electric charge accumulation capability are formed in the domain 
that forms a memory cell transistor. 

[0057] According to the 5th embodiment form of this invention, seven kinds of MOS transistors 
Tr1-Tr7 that have the gate insulator layer with which film thickness differs can be manufactured 
simultaneously with a memory cell transistor. 

Thereby, the MOS transistor corresponding to operating voltage various from the high 
pressure-proofing transistor of a high-voltage operation to a super-low voltage operation 
transistor can be offered. 

Furthermore, it is possible to realize an n type MOS transistor and a p type MOS transistor. 
Moreover, the gate electrode 3 of a memory cell transistor and MOS transistors Tr1 -Tr7 consists 
of the same material, and is formed at the same exposure process and a dry etching process. 
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Therefore, it is possible to offer a detailed transistor with few position doubling gaps of a photo 
mask. 

[0058] (6th embodiment form) Next, the 6th embodiment form of this invention is explained. 
In the form of this 6th embodiment form, the example that realizes electrically the volatile 
memory in which writing and read-out are possible on the same tip at the non-volatility memory 
that can be written in and eliminated, and high speed is shown. 

Fig. 31 is a sectional view showing the memory cell structure of the nonvolatile memory carried in 

the semiconductor memory storage concerning the 6th embodiment form of this invention. 

Fig. 32 is a sectional view showing the memory cell structure of the volatile memory carried in 

starting-6th case of the operation of this invention semiconductor memory storage. 

Non-volatile memory of Fig. 31 and volatile memory of Fig. 32 are loaded together on the same 

chip. 

[0059] (A) As shown in non-volatile memory Fig. 31, the memory cell of the non-volatile memory 
concerning the 6th embodiment form consists of an n type MOS transistor. 
And with the memory cell structure of this non-volatile memory, the 2nd gate insulator layer 14 is 
formed through the 1st gate insulator layer 13 on the principal plane of the p type semiconductor 
substrate 1 . 

The charge accumulation layer 4 (4a, 4b) is formed in the both ends of the 2nd gate insulator 
layer 14. 

On the 2nd gate insulator layer 14 and the charge accumulation layer 4, the gate electrode 3 is 
formed through the 3rd gate insulator layer 15. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- 
type diffusion layer 1 0 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this side wall spacer 9. 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0060] The memory cell of the non-volatile memory concerning the 6th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration and an n+ type diffusion layer 11 of high impurity 
concentration. 

And it consists of a three layer laminating films by which a gate insulator layer consists of the 1st 
gate insulator layer 13 (lower layer), the 2nd gate insulator layer 14 (interiayer), and the 3rd gate 
insulator layer 15 (upper layer), and the charge accumulation layer 4 (4a, 4b) is formed in the 
both ends of the 2nd gate insulator layer 1 4. 

An electron is accumulated in these two electric charge accumulation layers 4a and 4b, and the 
accumulation state can take the following four states. 

(1) Neither of the electric charge accumulation layers 4a and 4b is accumulating the electron. 

(2) Only electric charge accumulation layer 4a is accumulating the electron. 

(3) Only electric charge accumulation layer 4b is accumulating the electron. 

(4) The electric charge accumulation layers 4a and 4b are accumulating the electron. 

The amount of change of the threshold voltage produced by the existence of the electron held at 
these two electric charge accumulation layers 4a and 4b is made to correspond to memory 
information W, "01". "10" and "11". 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of a channel field edge, the threshold voltage of the central part of a channel field is 
decided only by impurity concentration of a channel field, and it does not depend for it on the 
accumulation state of the electron of the charge accumulation layer 4. 

Therefore, fault deletion (over-erase) by the excess and deficiency of the electron of the electric 
charge accumulation layer 4 is prevented, and the poor leakage resulting, a poor program, and 
poor read-out from fault deletion must have been produced. 

Moreover, the leakage current between a source field and a drain field can be suppressed only 
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by the gate voltage, and can realize highly reliable non-volatile memory. 

What is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge holds property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted 
from a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) 
dielectric constant, a silicon-oxide conversion thickness can stabilize for it and realize the very 
thin gate insulator layer which is 4nm - about 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about 1 0nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high-voltage operation element of it is attained. 

[0061] Although LDD structure is constituted from a memory cell of a nonvolatile memory by 
installing n- type diffusion layer 1 0 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a and 4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film. 

[0062] Next, an operation of the nonvolatile semiconductor memory concerning the 6th 

embodiment form of this invention is explained using Fig.. 33 and Fig. 34 . 

Fig. 33 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 34 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 33, at the time of the writing of a memory cell, about 7-8V is impressed to gate 

G, about 5V is impressed to drain D, respectively, and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b of a 

drain field by the channel thermo electron (CHE). 

What is necessary is just to replace the voltage impressed to each of drain and Sauce S, in 

pouring an electron into electric charge accumulation layer 4b of a sauce field. 

On the other hand, as shown in Fig. 34, a deletion of a memory cell impresses a negative voltage 

(at least -5V) to gate G, and is performed by drawing out an electron from the charge 

accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunnel current. 

Moreover, when plural memory cells share gate G, an electron can be simultaneously drawn out 

from those memory cells. 

In this case, what is necessary is just to make Sauce S and drain D into the same potential as p 
type semiconductor substrate 1 . 

Moreover, if different right voltage from the potential of p type semiconductor substrate 1 is 
impressed to drain electrode and sauce electrode is made into floating potential (Floating), it is 
also possible to draw out an electron only from electric charge accumulation layer 4b of drain 
electrode. 

What is necessary is to impress right voltage to sauce electrode, in drawing out an electron only 
from electric charge accumulation layer 4a of sauce electrode, and just to let drain electrode be 
floating potential. 

[0063] The writing of a memory cell can also be performed like a deletion of a memory cell using 
FN current. 

About 1 0V is impressed between gate G and the p type semiconductor substrate 1 , and an 
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electron is poured into the charge accumulation layers 4a and 4b with FN current. 

In this case, an electron can be simultaneously poured into plural memory cells in which gate G 

is common. 

[0064] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current that flows between source S and drain D. 
It uses that the current transfer characteristics near a source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. I 

To which a bias shall be carried out between source IS and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
The information for 2 bits is memorizable in one cell by acquiring the four different current 
transfer characteristics according to four accumulation states of the electric charge accumulation 
layers 4a and 4b. 

[0065] (B) As shown in volatile-memory Fig. 32, the memory cell of the volatile memory 

concerning the 6th embodiment form of this invention consists of an n type MOS transistor. 

With the memory cell structure of this volatile memory, the 2nd gate insulator layer 14 of Fig. 31 

is directly arranged on the principal plane of the p type semiconductor substrate 1 . 

And although the charge accumulation layer 4 (4c, 4d) is formed in the both ends of the 2nd gate 

insulator layer 14 like the non-volatile memory of Fig. 31, it differs from the non-volatile memory 

of Fig. 31 in that these charge accumulation layers 4c and 4d are arranged on the principal plane 

of p type semiconductor substrate 1 through the tunnel insulation layer 23. 

On the 2nd gate insulator layer 14 and the charge accumulation layer 4, the gate electrode 3 is 

formed through the 3rd gate insulator layer 15. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field and 
n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- type 
diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 of the 
lower part of this side wall spacer 9. 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 1 1 . 

[0066] The memory cell of the volatile memory concerning the 6th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration and an n+ type diffusion layer 1 1 of high impurity 
concentration. 

And a gate insulator layer consists of the 2nd gate insulator layer 14, a tunnel insulator layer 23 
and the 3rd gate insulator layer 15, and the charge accumulation layer 4 is formed in the both 
ends of the 2nd gate Insulator layer 14. 

An electron is accumulated in these two electric charge accumulation layers 4c and 4d, and the 
accumulation state can take the following four states. 

(1) Electric charge accumulation layers 4c and 4d neither is accumulating the electron. 

(2) Only electric charge accumulation layer 4c is accumulating the electron. 

(3) Only 4d of electric charge accumulation layers is accumulating the electron. 

(4) The electric charge accumulation layers 4c and 4d are accumulating the electron. 

The amount of which is produced by the existence of the electron held at these two charge 
accumulation layers 4c and 4d threshold change of potential is made to correspond to a storage 
information W, "01", "10" and "11". 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of the edge of a channel field, the threshold voltage of the central part of the channel 
field is decided only by impurity concentration of a channel field, and it does not depend for it on 
the accumulation state of the electron of the charge accumulation layer 4. 
Therefore, the fault deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layer 4 is prevented, and the poor leakage, a poor program, and poor 
read-out which originates in a fault deletion by that cause must have been produced. 
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Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable volatile memory. 

What is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 3rd gate insulator layer 15 is constituted from a silicon nitride (Si3N4 layer) 
which has an about 2 times of a silicon oxide (Si02 layer) dielectric constant, a silicon-oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 
4nm to about 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high-voltage operation element of it is attained. . 

[0067] Although LDD structure is constituted from a memory cell of a nonvolatile memory by 
installing n- type diffusion layer 1 0 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4c and 4d, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film. 

[0068] In the volatile memory concerning the 6th embodiment form of this invention, the tunnel 
insulator layer 23 is arranged in the lower part of a charge accumulation layers 4c and 4d. 
The tunnel insulator layer 23 consists of a silicon oxide of the thin film which has the thickness in 
which direct tunneling is possible, and makes possible high-speed read-out and write-in in 100ns 
or less required of a dynamic RAM. 

When the tunnel insulator layer 23 is constituted from a silicon oxide, the thickness is just 3nm or 
less. 

Moreover, if the tunnel insulator layer 23 is constituted from a silicon nitride 3nm or less, a 
silicon-oxide conversion thickness can realize stably the very thin gate insulator layer which is 
about 1 .5nm. 

Since the electron accumulated by the leakage current through the tunnel insulator layer 23 at 
the charge accumulation layer 4 decreases gradually, prolonged data-hold is difficult in practice. 
However, re-writing is possible enough within the refreshment term of a usual dynamic RAM, and 
it is thought that it is satisfactory at all in the operation as a dynamic RAM. 
This is shown in 1995 lEDM digest p.867 by C.H-J.Wann et al. 

[0069] Reading of a memory cell is performed by detecting the read-out current which flows 
between a source electrode and drain electrodes. 

It uses that the current transfer characteristics near a source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4c and 4d. 

To which a bias shall be carried out between source electrode and drain electrode should just 
choose the direction where the modulation of current transfer characteristics appears notably. 
The information for 2 bits is memorizable in one cell by acquiring the four different current 
transfer characteristics according to four accumulation states of the electric charge accumulation 
layers 4c and 4d. 
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[0070] Furthermore, if the volatile memory concerning the 6th embodiment form of this invention 
does not pour a charge into the charge accumulation layers 4c and 4d, it is possible to make it 
operate as a usual MOS transistor. 

[0071] (C) the manufacture method of a non-volatility and a volatile mixed-loading memory 
Next, the manufacture method of the memory cell of the nonvolatile memory concerning the 6th 
embodiment form of this invention and an volatile memory is explained using Fig. 35 to Fig. 43 
and using Fig. 44 to Fig. 52. 

Fig. 35 to Fig. 43 are showing the manufacture method of the non-volatile memory concerning 
the 6th embodiment form of this invention. 1 

Fig. 44 to Fig. 52 are showing the manufacture method of the volatile memory concerning the 6th 
embodiment form of this invention. 

[0072] As first shown in Fig. 35 and Fig. 44, the small silicon nitride of charge store capacity is 
deposited all over p type semiconductor substrate 1 , and the about 10nm 1st gate insulator layer 
13 is formed. 

After 1st gate insulator layer 13 formation, the non-volatile memory formation field of Fig. 35 is 
covered by the photoresist for example and only the 1st gate insulator layer 13 of the 
volatile-memory formation field of Fig. 44 is removed by the wet etching method for example, 
using the heating phosphoric-acid solution. 

Therefore, the 1st gate insulator layer 13 is formed only in the non-volatile memory formation 
field of Fig. 35. 

Deposition of a silicone nitriding film with small electric charge accumulation capability is 
performed for example, by the JVD method. 

[0073] Next, as shown in the Fig. 36 and the Fig. 45 , a silicon oxide is deposited all over p type 
semiconductor substrate 1 by CVD, and the about 5-1 Onm 2nd gate insulator layer 14 is formed. 
Then, a silicone nitriding film with small electric charge accumulation capability is deposited by 
the JVD method, and the about 1 0nm 3rd gate insulation film 1 5 is formed. 
After all, the 1st, the 2nd and 3rd gate insulator layers 13, 14 and 15 are formed in the 
non-volatile memory formation field of Fig. 36, and the 2nd and the 3 gate insulator layers 14 and 
15 are formed in the volatile-memory formation field of Fig. 45. 

[0074] Next, as shown in the Fig. 37 and the Fig. 46 , after depositing the about 50-250nm 
polycrystal silicon layer which doped n type or p type impurity by the LPCVD method all over p 
type semiconductor substrate 1, patterning is carried out with exposure technique and etching 
technique, and the gate electrode 3 is formed. 

Then, in the nonvolatile memory formation field of Fig. 37, dry etching the 1st gate insulation film 
13, the 2nd gate insulation film 14 and the 3rd gate insulation film 15 on the surface of p type 
semiconductor substrate 1 of the field which forms a sauce filed and a drain field is carried out 
self-adjustingly. 

On the other hand, in the volatile-memory formation field of Fig. 46 , dry etching of the 2nd gate 
insulator layer 14 and the 3rd gate insulator layer 15 is carried out self-adjustingly. 

[0075] Next, as shown in the Fig. 38 and the Fig. 47, the space 1 7 for charge accumulation layer 
formation is formed. 

This space 17 is formed by carrying out wet etching of the end of the 2nd gate insulator layer 14 
alternatively using etching liquid with an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxide-film 13. 

The space 1 7 to form a charge accumulation layer in the non-volatile memory formation field in 
the nonvolatile memory formation domain of Fig. 38 and the space 17 to form a charge 
accumulation layer in the volatile memory formation field in the nonvolatile memory formation 
domain of Fig. 47 is formed simultaneously. 

What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
6th embodiment form of this invention, since the 1st gate oxide-film 13 and the 3rd gate insulator 
layer 1 5 is constituted from a silicon nitride and the 2nd gate insulator layer 1 4 is constituted from 
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a silicon oxide. 

Moreover, you may form this space 17 by the plasma dry etching method using the gas which 
contains HF gas instead of the wet etching method which used etching reagent. 

[0076] Next, as shown in the Fig. 39 and the Fig. 48 , it oxidizes by the RTO method and the 
tunnel insulator layer 23 which consists of the silicon oxide in which a direct tunnel is possible is 
formed for the whole surface of p type semiconductor substrate 1 . 

[0077] Next, as shown in the Fig. 40 and the Fig. 49 , it deposits so that the space 1 7 for charge 
accumulation layer formation may be completely embedded in the high silicon nitride 18 of 
charge store capacity by the LPCVD method all over p type semiconductor substrate 1 . 
And as shown in the Fig. 41 and the Fig. 50 , anisotropic etching by RIE is performed to whole 
surface of the p type semiconductor substrate 1 , and the charge accumulation layer 4 (4a, 4b, 4c, 
4d) which consisted of a silicon nitride of high charge store capacity is formed simultaneously. 

[0078] Next, as shown in the Fig. 42 and the Fig. 51 , after forming an oxide film 16 all over p 
type semiconductor substrate 1, n- type diffusion layer 10 of low impurity concentration is 
fbrmed. 

It forms by activating the impurity which n- type diffusion layer 10 used the gate electrode 3 as 
the mask with ion-implantation technique, poured in n type impurity, and was poured in with 
subsequent heat treatment. 

[0079] Next, as shown in the Fig. 43 and the Fig. 52 , after forming the side wall spacer 9 in the 
side attachment wall of the gate electrode 3, n+ type diffusion layer 11 of high impurity 
concentration is formed. 

It forms by activating the impurity which n+ type diffusion layer 1 1 used the gate electrode 3 and 
the side wall spacer 9 as the mask with Ion-implantation technique, poured in n type impurity, and 
was poured in with subsequent heat treatment. 

[0080] And the thing for which high-melting point metal membranes, such as a tungsten, titanium, 
and cobalt, are deposited by CVD or the spatter all over the p type semiconductor substrate 1, 
then the p type semiconductor substrate 1 is heat-treated in an inert atmosphere and the electric 
conduction layer 1 2 which consists of a refractory-metal silicide is formed in each surfece of the 
gate electrode 3 and n+ type diffusion layer 11. 

After electric conduction layer 12 formation, if the unreacted refractory metad which remsiined in 
fields other than the above is removed, the memory ceil structure of volatile memory shown In 
the non-volatile memory the Fig. 32 and having shown in Fig. 31 will be completed. 

[0081] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of the Fig. 31 and the Fig. 32 , and the semiconductor 
device which carried final non-volatile memory and final volatile memory is completed. 

[0082] Thus, with the 6th embodiment form of this invention, the charge accumulation layer 4 (4a, 
4b, 4c, 4d) can be formed in a self-matching target down the ends of the gate electrode 3. 
Therefore, micronization of the orientation of gate length of the memory cell transistor of the Fig. 
31 and the Fig. 32 is attained. 

Thereby, large capacity, high-density non-volatile memory, and volatile memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and the 
non-volatile memory and volatile memory that were reduced sharply can be realized. 

[0083] The width of the direction of channel length of the charge accumulation layer 4 is easily 
controllable by the etching speed difference of p type semiconductor substrate 1, the 1st gate 
insulation film 13, the 3rd gate insulation film 15, and the 2nd gate insulation film 14, and 
regulation of etching time. 
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Thereby, the charge accumulation layer 4 can be arranged symmetrically. 
And since it is electrically separated completely by the 2nd gate insulation film 14 between the 
electric charge accumulation layers 4, the Interaction between the electric charge accumulation 
layers 4 does not happen. 

Furthermore, from a source field, a drain field, the gate electrode 3, and a channel field, since the 
1st insulator layer 13, tunnel insulator layer 23, 3rd insulator layer 15, and oxide film 16 insulate 
completely, the charge accumulation layer 4 can offer the non-volatile memory and volatile 
memory which were excellent in the charge hold property. 

The charge accumulation layer 4 is extended and formed in the direction of a channel field from 
the end of gate electrode 3, and the current transfer-characteristics of a memory cell is mostly 
decided by the electric change accumulation state of the fraction by the side of the channel field 
of the electric charge accumulation layer 4. 

Therefore, if the length of the orientation of gate length of this fraction is reduced to a limitation, 
more detailed non-volatile memory and more detailed volatile memory can be offered. 

[0084] Since it is easily realizable at usual CMOS process, the cellular structure can manufacture 
non-volatile memory and volatile memory by the low cost using the existing production line. 

[0085] Furthermore, since the greater part of the manufacturing process is communalized, it is a 
low cost, and above-mentioned non-volatile memory and above-mentioned volatile memory are 
the short manufacture time necessary for completion, and can manufacture the semiconductor 
device consolidated with non-volatile memory and volatile memory. 

[0086] In addition, although the 1st gate insulator layer 13 is constituted from silicon nitride and 
the 2nd gate insulator layer 1 4 are constituted from a silicon oxide and the 3rd gate insulator 
layer 15 is constituted from silicon nitride in the 6th embodiment form of this invention, you may 
constitute the 1st gate insulator layer 13 from a silicon oxide, the 2nd gate insulator layer 1 4 from 
a silicon nitride, and the 3rd gate insulator layer 15 from a silicon oxide. 

In this case, for example, the 1st gate insulator layer 13 consists of an about lOnm silicon oxide 
which oxidized thermally the p type semiconductor substrate 1 . 

The 2nd gate insulator layer 14 consists of a low silicon nitride of the about 5-10nm-charge store 
capacity deposited by the JVD method. 

The 3rd gate insulator layer 1 5 consist of an about 1 0nm silicon oxide deposited by CVD. 
Moreover, since formation of the space 1 7 for charge accumulation layer formation constitutes 
1st gate oxide-film 13 and constitutes the 3rd gate insulator layer 15 from a silicon oxide and 
constitutes the 2nd gate insulator layer 14 from a silicon nitride, it should just use for example, a 
phosphoric-acid type as an etching reagent. 

[0087](7th Embodiment Form) Next, the 7th embodiment form of this invention is explained. 
The 7th embodiment form shows the example which realizes the non-volatility memory which 
can be written in and eliminated electrically, and the volatile memory in which writing and 
read-out at high speed are possible on the same chip like the 6th embodiment form of the above. 
Fig. 53 is a cross section showing the memory cell structure of the nonvolatile memory carried in 
the semiconductor memory storage concerning the 7th embodiment form of this invention. 
Fig. 54 is a cross section showing the memory cell structure of the volatile memory carried in the 
semiconductor merhory storage concerning the 7th embodiment form of this invention. 
Non-volatile memory of Fig. 53 and volatile memory of Fig. 54 are consolidated on the same 
chip. 

Since it is the same as that of the 6th embodiment form of the above about the non-volatile 
memory shown in Fig. 53, the explanation is omitted. 

[0088] As shown in Fig. 54, the memory cell of the volatile memory concerning the 7th 
embodiment form of this invention consists of an n type MOS transistor. 

And with the memory cell stmcture of this volatile memory, charge accumulation layer 4e is 
arranged through the tunnel insulator layer 23 on the principal plane of the p type semiconductor 
substrate 1 . 
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On charge accumulation layer 4e, the gate electrode 3 Is formed through the 4th gate insulator 
layer 24. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
type diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this side wall spacer 9. 

The electric conduction layer 1 2 is formed in each surface of the gate electrode 3 and n+ type 
diffusion layer 11. 

[0089] The memory cell of the volatile memory concerning the 7th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 1 0 of low impurity concentration, and an n+ type diffusion layer 1 1 of high impurity 
concentration. 

And it consists of a laminated structure to which a gate insulator layer changes from the tunnel 

insulator layer 23 and the 4th gate insulator layer 21, and charge accumulation layer 4e is 

arranged between the tunnel insulator layer 23 and the 4th gate insulator layer 24. 

An electron is accumulated to this charge accumulation layer 4e, and the amount of the 

threshold voltage produced by the existence of the electron held at this electric charge 

accumulation layer 4e is made to correspond to memory information "0" and "1". 

What is necessary is for charge accumulation layer 4e just to consist of a high silicon nitride of 

the chairge store capacity by CVD. 

It is because the charge holds property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

If the 4th gate insulator layer 24 is furthermore constituted from a silicon nitride (Si3N4 layer) 
which has an about 2 times of a silicon oxide (Si02 layer) dielectric constant, a silicon-oxide 
conversion thickness can stabilize for It and realize the very thin gate insulator layer which is 
4nm to about llnm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, voltage at the time of electronic pouring operation and extraction operation is formed 
into low voltage, and not only detailed-izing of a memory cell but micronization of a 
circumference high-voltage operation element of it is attained. 

[0090] Although LDD structure is constituted from a memory cell of a volatile memory by 
installing n- type diffusion layer 1 0 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

[0091] In the volatile memory concerning the 7th embodiment form of this invention, the tunnel 
insulator layer 23 is arranged in the lower part of charge accumulation layer 4e. 
The tunnel insulator layer 23 consists of a silicon oxide of the thin film which has the thickness in 
which direct tunneling is possible, and read-out write-in high-speed of it in 100 or less ns required 
of a dynamic RAM becomes possible. 

When the tunnel insulator layer 23 is constituted from a silicon oxide, the thickness is just 3nm or 
less. 

Moreover, if constituted from a silicon nitride 3nm or less, a silicon-oxide conversion thickness 
can stabilize for it and realize the very thin tunnel insulator layer 23 which is about 1 .5nm. 

[0092] Furthermore, if an electric charge is not poured into electric charge accumulation layer 4e, 
it is possible to also make it operate as a usual MOS transistor as for the volatile memory 
concerning the 7th embodiment form of this invention. 
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[0093] Next, the manufacture technique of the memory cell of the non-volatile memory and 
volatile memory concerning the 7th embodiment form of this invention is explained using Fig. 55 
to Fig. 62, and Fig. 63 to Fig. 70 . 

Fig. 55 to Fig. 62 is a cross section showing the manufacture method of the nonvolatile memory 
concerning the form of implementation of the 7th of this invention. 

Fig. 63 to Fig. 70 is a cross section showing the manufacture method of the volatile memory 
concerning the 7th embodiment form of this invention. 

[0094] As first shown in Fig. 55 and Fig. 63, the about 10nm 1st gate insulator layer 13 is formed 
by depositing the small silicon nitride of charge acipumulation capability all over p type 
semiconductor substrate 1 . ' 

Deposition of the small silicon nitride of charge store capacity is performed by the JVD method, 
for example. 

The about 5-1 Onm 2nd gate insulator layer 14 is formed by depositing a silicon oxide by the CVD 
method after 1st gate insulator layer 1 3 formation. 

Then, the about lOnm 3rd gate insulator layer 15 is formed by depositing the small silicon nitride 
of charge accumulation capability by the JVD method. 

[0095] Next, as shown in Fig. 56 and Fig. 64, after depositing the about 50-250nm polycrystal 
silicon layer which doped n type or p type impurity by the LPCVD method all over p type 
semiconductor substrate 1 , an gate electrode 3 is formed in the nonvolatile memory formation 
domain in Fig. 56 by carrying out patterning with exposure technnique and etching technnique. 
Then dry etching of the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and the 3rd 
gate insulator layer 15 on the surface of p type semiconductor substrate 1 of the field which 
forms a sauce field and a drain field by using gate electrode 3 as a mask is carried out 
self-adjustingly. 

In the volatile memory formation field of Fig. 64, a ploycrystal silicone film, the 1st gate insulator 
layer 13, the 2nd gate insulator layer 14 and the 3rd gate insulator layer 15 are removed 
altogether, and the surface of p type semiconductor substrate 1 is exposed. 

[0096] Next, as shown in Fig. 57, in a non-volatile memory formation field, the space 17 for 
charge accumulation layer formation is formed. 

The space 17 for this charge accumulation layer formation is formed by carrying out wet etching 
of the end of the 2nd gate insulator layer 14 alternatively using etching liquid with an etching 
speed of the 2nd gate insulator layer 14 quicker than the 1st gate oxide-film 13 and the 3rd gate 
insulator layer 15. 

What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
7th embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

What is necessary is just to use for example, a fluoric acid type as etching reagent, since the 1st 
gate oxide-film 13 and the 3rd gate insulator layer 15 are constituted from a silicon nitride and the 
silicon oxide constitutes the 2nd gate insulator layer 14 in the 7th embodiment form of this 
invention. 

Moreover, you may form the space 1 7 for charge accumulation layer system formation by the 
plasma dry etching method using the gas which changes to the wet etching method which 
contains HF gas instead of the wet etching method which used etching reagent.On the other 
hand, as shown in Fig. 65, in the volatile-memory formation field, the surface of the p type 
semiconductor substrate 1 has been exposed. 

[0097] Next, as shown in Fig. 58 and Fig. 66, the tunnel insulator layer 23 which is by the RTO 
method for example, and consists of the silicon oxide which can be tunneled direct is formed all 
over p type semiconductor substrate 1 . 

After forming the tunnel insulation film 23, the silicon nitride 18 of high electric charge 
accumulation capability is deposited by the LPCVD method all over p type semiconductor 
substrate 1 . 
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At this time, the space 17 for electric charge accumulation layer formation is completely 
embedded with the silicone nitriding film 18. 

And as shown in Fig. 59, in a nonvolatile memory formation field, anisotropic etching by RIE is 
performed to the whole surface of p type semiconductor board 1, and the electric charge 
accumulation layer 4 (4a, 4b) which consisted of high silicon nitride 18 of electric charge 
accumulation capability is formed. 

In that case, the volatile memory formation field shown in Fig. 67 is covered by photoresist, and 
the silicone nitride 1 8 is not etched. 

[0098] After etching the silicon nitride 18, a silicon oxide is deposited all over p type 
semiconductor substrate 1 , and the 4th gate insulator layer 24 is formed. 

In this time the 4th gate insulator layer 24 of the nonvolatile memory formation field shown in Fig. 
59 is removed. 

The removal covers the volatile memory formation field shown in Fig. 67 by photoresist, and is 
performed by etching the 4th gate insulator layer 24 deposited on the nonvolatile memory 
formation field shown in Fig. 59. 

[0099] Next, as shown in Fig. 68, the about 50-250nrri polycrystal silicon layer which doped n 
type or p type impurity by the LPCVD method accumulates all over p type semiconductor 
substrate 1 . 

And patterning of the polycrystal silicon layer is carried out with exposure technique and etching 
technique, and gate electrode 3a is formed. 

Then, using gate electrode 3a be an etching mask, dry etching of the tunnel insulator layer 23, 
electric charge accumulation layer 4e and the 4th gate insulator layer 24 on the surface of p type 
semiconductor substrate 1 of the field which forms a sauce field and a drain field is carried out 
self-adjustingly. 

On the other hand, in a nonvolatile memory formation field, as shown in Fig. 60, all plycrystal 
silicone films may be removed, or patterning may be carried out according to gate electrode 3, 
and new gate electrode may be formed. 

[0100] Next, as shown in the Fig. 61 and the Fig. 69 , after pouring in n type impurities by using 
the gate electrode 3 as a mask with ion implantation technique, n- type diffusion layer 10 is 
formed by activating the impurity poured in by heat treatment. 

[0101] Next, as shown in the Fig. 62 and the Fig. 70 , after forming the side wall spacer 9 in the 
side wall of the gate electrode 3, n+ type diffusion layer 11 of high impurity concentration Is 
formed. 

After pouring in n type impurity with ion implantation technique by using the gate electrode 3 and 
the sidewall spacer 9 as a mask, n+ type diffusion layer 1 1 is formed by activating the impurities 
poured in by heat treatment. 

[0102] Next, high-melting point metal membranes, such as tungsten, titanium, and cobalt, are 
deposited by the CVD method or the spatter method all over the p type semiconductor substrate 
1 and the electric conduction layer 12 which consists of refractory metal silicide is formed on 
each surface of the gate electrode 3 and n+ type diffusion layer 11 by heat-treating p type 
semiconductor substrate 1 in an inactive atmosphere. 

After the electric conduction layer 12 was formed, if the unreacted high-melting point metal which 
remained in fields other than the above is removed, the memory cell structure of a nonvolatile 
memory shown in Fig. 53 and of a volatile memory shown in Fig. 54 will be completed. 

[0103] Although illustration is not carried out, after memory cell structure completion of Fig. 53 
and Fig. 54, a final non-volatility memory cell and an volatile memory cell are completed through 
the usual CMOS manufacturing processes, such as an insulator-layer formation process 
between layers, a contact hole formation process, a wiring formation process and a passivation 
film formation process, one by one. 
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[0104] With the 7th embodiment form of this invention, although the 1st gate insulator layer 13 
consists of silicon nitride, the 2nd gate insulator layer 14 consists of silicon oxide and the 3rd 
gate insulator layer 15 consists of silicon nitride, the 1st gate insulator layer 13 may be 
constituted from a silicon oxide, the 2nd gate insulator layer 14 may be constituted from a silicon 
nitride, and the 3rd gate insulator layer 1 5 be constituted from a silicon oxide. 
In this case, for example, the 1 st gate insulator layer 13 consists of an about lOnm silicon oxide 
which oxidized thermally the p type semiconductor substrate 1 . 

The 2nd gate insulator layer 14 consists of a low silicon nitride of the about 5-1 Onm charge store 
capacity deposited by the JVD method. t 

The 3rd gate insulator layer 15 consists of an about lOnm silicon oxide deposited by CVD. 
Moreover, what is necessary is just to use for example, a phosphoric-acid type as an etching 
reagent in formation of the space 17 for electric charge accumulation layer formation, since the 
1st gate oxide-film 13 and the 3rd gate insulator layer 15 are constituted from a silicon oxide and 
the 2nd gate insulator layer 14 is constituted from a silicon nitride. 

[0105] Although both the memory cells of non-volatile memory and volatile memory explained 
the example which consists of an n type MOS transistor with the gestalt of the 6th and operation 
of the 7th of this invention, of course, you may be the memory cell of p type MOS transistor of an 
opposite conductivity type. 

In this case, what is necessary is just to read the electric conduction type of a substrate or a 
diffusion layer as an opposite thing suitably in the above-mentioned explanation. 

[0106] (8th Embodiment Form) Next, the 8th embodiment form of this invention is explained. 
In the above 1 st to the 7th embodiment forms, the structure of a charge accumulation layer is not 
directly contributed to the enhancement in electron-injection efficacy. 

In the nonvolatile semiconductor memory of floating-gate structure, a stage is prepared in a 
channel fraction and the attempt which raises electron-injection efficacy is proposed. (S. Ogura 
and 1998 lEDM, p987, and the U.S. patent number of No. 5780341) 

However, this proposal is weak to the defect and leak site in an oxidization film in order to adopt 
floating gate structure. 

Moreover, there is a possibility that sufficient reliability cannot be acquired, also to the defect 
which may be generated at the time of stage structure formation. 

The 8th embodiment form of this invention is an easy process, and can. raise electron-irljection 
efficacy. 

[0107] Fig. 71 is a cross section showing the memory cell structure of the nonvolatile 

semiconductor memory concerning the 8th embodiment form of this invention. 

This ath embodiment form aims at enhancement in the electron-injection efficacy at the time of 

writing by the method of preparing a stage and an inclination in the channel field of a memory 

cell. 

As shown in Fig. 71 , this memory cell consists of an n type MOS transistor. 
And with the structure of the memory cell concerning the 8th embodiment form, the 2nd gate 
insulator layer 14 is formed on the surface of the p type semiconductor substrate 1 through the 
1st gate insulator layer 13. 

The charge accumulation layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 
14. 

On the 2nd gate insulator layer 14 and charge accumulation layer 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 1 5. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this h- 
type diffusion layer 1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 Is formed on each surface of the gate electrode 3 and n+ type 
diffusion layer 11. 
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[0108] Furthermore, with the memory cell structure of the nonvolatile semiconductor memory 
concerning the 8th embodiment form of this invention, a stage 26 is formed in the channel field 
25. 

With this stage 26, the charge accumulation layer 4 will be located in the dispersion orientation of 
the electron in the p type semiconductor substrate 1 . 

Therefore, the injection efficiency of the electron at the time of writing improves. 

[0109] The memory cell of the non-volatility semiconductor memory concerning the 8th 
embodiment form of this invention has the LDD structure where the sauce field and the drain 
field consisted of an n- type diffusion layer 10 of low impurities concentration and an n+ type 
diffusion layer 1 1 of high impurities concentration. 

A gate insulator layer consists of three-layer laminating films which consist of the 1st gate 
insulator layer 13 (lower layer), the 2nd gate insulator layer 14 (interlayer) and the 3rd gate 
insulator layer 15 (upper layer), and the electric charge accumulation layers 4a and 4b are 
formed in the both ends of the 2nd gate insulator layer 14. 

An electron is accumulated to these two charge accumulation layers 4a and 4b, and the 
accumulation state can take the following four status. 

(1) The state where neither of the electric charge, accumulation layers 4a and 4b is 
accumulating the electron, 

(2) The state where only electric charge accumulation layer 4a is accumulating the electron, 

(3) The state where only electric charge accumulation layer 4b is accumulating the electron, 

(4) The state where the electric charge accumulation layers 4a and 4b are accumulating the 
electron. 

The amount of which is produced by the existence of the electron held at these two charge 
accumulation layers 4a and 4b threshold change of potential is made to correspond to a storage 
information W. "01 ", "10" and "11". 

Moreover, with this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold voltage of the central part of a 
channel field is decided only by impurity concentration of a channel field, and it does not depend 
for it on the accumulation state of the electron of the charge accumulation layers 4a and 4b. 
Therefore, fault deletion (over-erase) by the excess and deficiency of the electron of the charge 
accumulation layers 4a and 4b is prevented, and the poor leakage, a poor program, and poor 
read-out resulting from fault deletion must have been produced. 

Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable nonvolatile semiconductor memory. 
What is necessary is for the charge accumulation layers 4a and 4b just to consist of a high silicon 
nitride of the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted 
from a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) 
dielectric constant, a silicon-oxide conversion thickness can stabilize for It and realize the very 
thin gate insulator layer which is 4nm - about llnm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is Snm is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high-voltage operation element of it Is attained. 

[0110] Although LDD structure is constituted from a memory cell of a nonvolatile memory 
concerning the 8th embodiment form of this invention by installing n- type diffusion layer 10 for 
the purpose of pressure-proof enhancement of a sauce field and a drain field, a sauce field and a 
drain field may consist of single drain structure and double drain structure. 
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Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a and 4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film. 

[Oil 1] With the 8th embodiment form of this invention, although the stage 26 was formed in both 
of the source and a drain, you may prepare only in either. 

Especially the memory that memorizes the information for 1 bit is enough if there is only one, 

[01 12] Next, an operation of the non-volatile memory concerning the 8th embodiment form of this 
invention is explained using Fig. 72 and Fig. 73. 

Fig. 72 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 73 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 72 , at the time of the writing of a memory cell, about 6-8V is impressed to gate 

G, about 4-5V is impressed to drain D, respectively, and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b of the 

drain field by the channel thermoelectron (CHE). 

By having formed the stage 26 in the channel field 25, it is located in the electronic dispersion 
orientation at charge accumulation layer 4b. 

For this reason, the electronic injection efficiency to charge accumulation layer 4b can improve, 
and improvement in the speed of an injection speed and reduction-ization of applied voltage can 
be attained. 

\A/hat is necessary is just to replace with the above-mentioned case the voltage impressed to 
drain D and each source S, in pouring an electron into charge accumulation layer 4a of a source 
field. 

On the other hand, as shown in Fig. 73 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by drawing out an electron from the charge 
accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunnel current. 
Moreover, when the gate electrode 3 is shared by plural memory cells, an electron can be 
simultaneously drawn out from those memory cells. 

In this case. Sauce S and Drain D should just be taken as the same potential as p type 
semiconductor substrate 1 . 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to drain D, and to draw out an electron for source S only from floating 
potential (Floating), then charge accumulation layer 4a of drain D. 

What is necessary is to impress a right voltage to source S, in drawing out an electron only from 
charge accumulation layer 4b of source S, and just to let drain D be floating potential. 

[0113] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current which flows between source S and drain D. 
It uses that the current transfer characteristics near the source field and near the drain field 
(channel conductance) become irregular according to the store status of the charge 
accumulation layers 4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0114] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 8th embodiment form of this invention is explained using the Fig. 74 to the Fig. 
82. 

As first shown in Fig. 74, the wrap photoresist pattern 27 is formed for the field in which the 
channel field 25 is formed on the p type semiconductor substrate 1 . 

And as shown in Fig. 75, a stage 26 is formed by etching the p type semiconductor substrate 1 
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by the RIE method. 



[01 15] Next, as shown in Fig. 76, the small silicon nitride of charge store capacity is deposited all 
over p type semiconductor substrate 1 , and the about 10nm 1st gate insulator layer 13 is formed. 
Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the small silicon nitride of charge store capacity is deposited by the JVD method, and the 
about 10nm 3rd gate insulator layer 15 is formed. 

[0116] Next, as shown in Fig. 77, after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then dry etching of the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and the 3rd 
gate Insulator layer 15 on the surface of p type semiconductor substrate 1 of the field which 
forms a sauce field and a drain field by using the gate electrode 3 as a mask Is carried out 
self-adjustingly. 

[0117] Next, as shown in Fig. 78 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
This space 17 is formed by carrying out wet etching of the end of the 2nd gate insulator layer 14 
alternatively using etching liquid with an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxide-film 13. 

What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
8th embodiment form of this invention, since the 1st gate oxidization film 13 and the 3rd gate 
insulator layer 15 are constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 17 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains HF gas instead of the wet etching method which 
used the etching reagent. 

[01 18] Next, as shown in Fig. 79, it deposits so that the space 1 7 for charge accumulation layer 
formation may be completely embedded in the high silicon nitride 18 of charge store capacity by 
the LPCVD method all over p type semiconductor substrate 1 . 

And as shown in Fig. 80, anisotropic etching by RIE is performed to the p type semiconductor 
substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
silicon nitride of high charge store capacity are formed. 

[0119] Next, as shown in Fig. 81 , after forming an oxide film 16 all over p type semiconductor 
substrate 1 , n- type diffusion layer 1 0 of low impurity concentration is formed. 
N- type diffusion layer 10 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 as the mask, and by activating the impurity that was poured in 
with subsequent heat treatment. 

[0120] Next, as shown in Fig. 82, after forming the side wall spacer 9 in the side attachment wall 
of the gate electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
N+ type diffusion layer 1 1 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 and the side wall spacer 9 as the mask, and by activating the 
impurity that was poured in with subsequent heat treatment. 

[0121] Next, membranes of high-melting point metals such as a tungsten, titanium, and cobalt. 
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are deposited by CVD or the spatter all over the p type semiconductor substrate 1 , and then, by 
heat-treating the p type semiconductor substrate 1 in an inert atmosphere, in each front face of 
the gate electrode 3 and n+ type diffusion layer 11 the electric conduction layer 12 which 
consists of a refractory-metal silicide is formed. 

After electric conduction layer 12 formation, If the unreacted refractory metal which remained in 
fields other than the above Is removed, the memory cell structure shown in Fig. 71 will be 
completed. 

[0122] In addition, although Illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 71 , and a final nonvolatile memory cell Is 
completed. 

[0123] Thus, with the 8th embodiment form of this invention, the charge accumulation layers 4a 
and 4b can be formed in a self-matching way down the ends of the gate electrode 3. 
Therefore, micronization in the orientation of gate length of a cell transistor is attained. 
Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0124] Moreover, the width of face of the orientation of channel length of the charge 
accumulation layers 4a and 4b ceui be easily controlled by adjustment of the etch-rate difference 
and etching time of the 1st gate insulator layer 13, and of the 3rd gate insulator layer 15 and the 
2nd gate insulator layer 14. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the Interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13, 
3rd insulator layer 15, and oxide film 16, the nonvolatile semiconductor memory with excellent 
charge hold property can be offered. 

Charge accumulation layers 4a and 4b are formed extending in the orientation of a channel field 
from the edge of the gate electrode 3, and the current-conducting characteristics of a memory 
cell are mainly set by the charge store status of the part by the side of the channel field of the 
charge accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this part is reduced to the limits, more 
detailed nonvolatile semiconductor memory can be offered. 

[0125] Furthermore, since the cellular structure is easily realizable at usual CMOS process, 
nonvolatile semiconductor memory can be manufactured at low cost using the existing 
production line. 

[0126] And with the 8th embodiment form of this invention, the electron-injection efficacy at the 
time of writing can be raised. 

For this reason, improvement jn the speed of drawing speed and reduction-ization of the applied 
voltage at the time of writing can be attained. 

[0127] {9th Embodiment Form) Next, the 9th embodiment of this invention is explained. 
In the above 8th embodiment, the 9th embodiment of this invention makes unnecessary the 2nd 
insulator layer 14 arranged between charge accumulation layer 4a of Fig. 71 , and charge 
accumulation layer 4b, and has taken the configuration which made two charge accumulation 
layers 4a and 4b unify. 

Fig. 83 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 9th embodiment of this invention. As shown in Fig. 83 , this memory cell 
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structure is arranged charge accumulation layers 4f instead of to the charge accumulation layers 
4a and 4b and the 2nd insulator layer 14 of the 8th embodiment. 

[0128] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 9th embodiment of this invention is explained using the Fig. 84 to the Fig. 89 . 
Like the 8th embodiment, as shown in Fig, 84 , the photo resist pattern 27 Is formed for the field 
in which the channel field 25 is formed on the p type semiconductor substrate 1 . 
And as shown in Fig. 85 , a level difference 26 is formed by etching the p type semiconductor 
substrate 1 by the RIE method. 

[0129] Next, as shown in Fig. 86, the silicon nitride film of small charge store capacity is 
deposited all over p type semiconductor substrate 1, and the 1st gate insulator layer 13 having 
about 1 0nm is formed. 

Deposition of the silicon nitride film of small charge store capacity is performed for example, by 
the JVD method. 

The silicon nitrides film 18 high of charge store capacity is formed in about 5-1 Onm by the 
LPCVD method after 1st gate insulator layer 13 formation. 

Then, the silicon nitride film of small charge store capacity is deposited by the JVD method, and 
the 3rd gate insulator layer 1 5 in about 1 0nm is formed. 

[0130] Next, as shown in Fig. 87 , after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then, dry etching carried out conformably to the 1st gate insulator layer 13, the silicon nitride film 
18 and the 3rd gate insulating film 15, of the surface of the p type semiconductor substrate 1 of 
the field, in which the source region, and drain region are formed using the gate electrode 3 as a 
mask, here, charge accumulation layers 4f is formed. 

[0131] Next, as shown in Fig. 88, after forming an oxide film 16 all over p type semiconductor 
substrate 1 , n- type diffusion layer 1 0 of low impurity concentration is formed. 
Pouring n-type impurity with the gate electrode 3 as the mask with ion-implantation technique, 
then by activating the poured impurity with heat treatment, forms the n-type diffusion layer 10. 

[0132] Next, as shown in Fig. 89, after forming the sidewall spacer 9 in the sidewall of the gate 
electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
The n+ type diffusion layer 1 lis formed by pouring n type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique and by activating the poured 
impurity by heat treatment. 

[0133] Next, the high-melting point metal film, such as tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the p type semiconductor substrate 1, then the p type 
semiconductor substrate 1 is heat-treated in an inert atmosphere, thereby forming the which 
consists of a refractory-metal silicide on the each surface of the gate electrode 3 and n+ type 
diffusion layer 11. 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 83 will be 
completed. 

[0134] In addition, although illustration is not shown, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 83 . and a final nonvolatile memory cell is 
completed. 

[0135] (10th Embodiment Form) Next, the 10th embodiment of this invention is explained. Fig. 90 
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is a cross section showing the memory cell structure of the nonvolatile semiconductor memory 
concerning the 1 0th embodiment of this invention. 

In the above 8th and 9th embodiments, a level difference is prepared in the ends of a channel 
field by making a channel field into the concave status to a semiconductor substrate. In the 
10th embodiment, a level difference is prepared in a channel field by making a channel field into 
the convex status to a semiconductor substrate. 

And this 10th embodiment also aims at enhancement in the electron-injection luminous efficacy 
at the time of writing by preparing a level difference and an inclination in the channel field of a 
memory cell. | 

[0136] As shown in Fig. 90 , this memory cell consists bf a p type MOS transistor. And in the 
structure of the memory cell concerning the 10th embodiment, the 2nd gate insulator layer 14 is 
formed in the surface of the n-type-semi conductor substrate 19 through the 1st gate insulator 
layer 13. 

The charge accumulation layers 4a and 4b are formed in the ends of the 2nd gate Insulator layer 
14. 

The gate electrode 3 is formed on the 2nd gate insulator layer 14 and charge accumulation layer 
4a, and 4b through the 3rd gate insulator layer 15. 

The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16. 
The p- type diffusion layer 20 of the low impurity concentration which touches a channel field, 
and p+ type diffusion layer 21 of the high impurity concentration located in the outside of this p- 
type diffusion layer 20 are formed in the n-type-semiconductor substrate 19 of the lower part of 
this sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and p+ type 
diffusion layer 21. 

[0137] Furthermore, in the memory cell structure of the nonvolatile semiconductor memory 
concerning the 10th embodiment of this invention, a level difference 26 is formed in the channel 
field 25. 

Owing to this level difference 26, the charge accumulation layer 4 is located in the dispersion 
orientation of the electron in the p type semiconductor substrate 1. Therefore, the injection 
efficiency of the electron at the time of writing improves. 

[0138] The memory cell of the nonvolatile semiconductor memory concerning the 10th 
embodiment of this invention has LDD structure in which the source field and the drain field are 
constituted of a p- type diffusion layer 20 of low impurity concentration and a p+ type diffusion 
layer 21 of high impurity concentration. 

And a gate insulator layer consists of a three-layered film, i.e. the 1st gate insulator layer 13 
(lower layer), the 2nd gate insulator layer 14 (interlayer) and the 3rd gate insulator layer 15 
(upper layer). The charge accumulation layers 4a and 4b are formed in the both ends of the 
2nd gate insulator layer 14. 

An electron is accumulated to these two charge accumulation layers 4a and 4b. 
The state of accumulation can be four status: 

(1) no electron is accumulated to charge accumulation layer 4a or 4b; 

(2) the electron is accumulated to charge accumulation layer 4a only; 

(3) the electron is accumulated to charge accumulation layer 4b only; 

(4) the electron is accumulated to charge both accumulation layers 4a and 4b. 

The amount of change of the threshold voltage which is produced by the existence of the 
electron held at these two charge accumulation layers 4a and 4b corresponds to the storage 
information "00", "01 ", "1 0", and "1 1 

Moreover, in this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold voltage of the center of a channel 
field is decided only by impurity concentration of a channel field, and It does not depend on the 
accumulation status of the electron of the charge accumulation layers 4a and 4b. 
Therefore, the fault deletion (over-erase) due to the excess and deficiency of the electron of the 
charge accumulation layers 4a and 4b is prevented, and the poor leakage, a poor program, and 
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poor read-out, which are caused in a fault deletion, never produced. 

Moreover, only the gate voltage, thereby realizing highly reliable nonvolatile semiconductor 
memory, can suppress the leakage current between a source field and a drain field. 
The charge accumulation layers 4a and 4b can be constituted of silicon nitride of the charge 
store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membranous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted of a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

If the 1st gate insulator layer 1 3 and the 3rd gate insulator layer 15 are furthermore constituted of 
a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) in 
dielectric constant, the very thin gate insulator layer which is 4nm - about llnm in silicon-oxide 
conversion thickness can be stabilized. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about lOnm. the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injectiorVextraction operation is lowered in 
battery, and not only a memory cell but also a circumference high-voltage operation element can 
be miniaturized. 

[0139] Although p- type diffusion layer 20 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
cell of the nonvolatile semiconductor memory concerning the 10th embodiment of this invention, 
a source field and a drain field may consist of single drain structure and double drain structure. 
Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layers 4a and 4b, it can consist of a silicon oxide, for example. 

If the metal oxide film, which has a high dielectric constant, is used for the second gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
As a metal oxide film, there are Ti02, Ta205, aluminum205, and PZT and SET. 

[0140] In the 1 0th embodiment of this invention, the level difference 26 was formed in both by the 
side of the source and a drain, you may prepare only in either. 

Especially the memory that memorizes the information for 1 bit Is enough if there is only one 
side. 

[0141] Next, an operation of the non-volatile memory concerning the 10th embodiment of this 
invention is explained using the Fig. 91 and the Fig, 92 . 

Fig. 91 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 92 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 91 , at the time of the writing of a memory cell, voltage of about 5V is impressed 

to gate G, and voltage of about -5V is impressed to drain D, respectively, and let source S be 

floating potential. 

Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain, and it pours into charge accumulation 
layer 4b by the side of a drain field. 

By having formed the level difference 26 in the channel field 25, charge accumulation layer 4b is 
located in the electronic injection orientation. For this reason, the electronic injection efficiency to 
charge accumulation layer 4b can improve, and improvement in the speed of an injection speed 
and reduction of applied voltage can be attained. 

When pouring an electron into charge accumulation layer 4a by the side of a source, the voltage 
impressed to drain D and each source S is replaced with the above-mentioned case. 
A memory cell is deleted by impressing a negative voltage (at least -5V) to gate G, as shown in 
Fig 92. and by drawing out an electron from the charge accumulation layers 4a and 4b using a 
Fowler Nordheimt (FN) type tunnel current. 

Moreover, when two or more memory cells share the gate electrode 3, an electron can be 
simultaneously drawn out from those memory cells. 
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In this case, source S and drain D should just be taken as the n-type-semiconductor substrate 19 
and this potential. 

Moreover, if the right voltage different from the potential of the p type semiconductor substrate 1 
is impressed to drain D and source S is used for floating potential (Floating), electron can be 
drawn out of charge accumulation layer 4a by the side of drain D. 

If an electron is drawn out of only from charge accumulation layer 4b by the side of source S, a 
right voltage is impressed to source S and just to let drain D be floating potential. 

[0142] Moreover, although illustration is not shown, read-out of a memory cell is performed by 
detecting the read-out current flowing between source sland drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) change according to the store status of the charge accumulation layers 4a and 4b. 
To which a bias shall be carried out should be selected from the source S or drain D where the 
modulation of current transfer characteristics appears notably. 

According to four accumulation status of the charge accumulation layers 4a and 4b, four different 
current transfer characteristics are obtained and, theret>y, the information for 2 bits can be 
memorized in one cell. 

[0143] Next, the method of manufacturing the memory cell of the non-volatile memory 
concerning the 10th embodiment of this invention is explained using the Fig. 93 to Fig. 101 . 
As first shown in Fig. 93 , the photo-resist pattern 27 is formed on the n-type-semiconductor 
substrate 19 except the field in which the channel field 25 is formed. 

As shown in Fig. 94, etching the n-type-semiconductor substrate 19 by the RIE method forms a 
level difference 26. 

[0144] Next, as shown in Fig. 95, the silicon nitride of small charge store capacity is deposited all 
over n-type-semiconductor substrate 19, and the 1st gate insulator layer 13 having about 10nm 
is formed. 

Deposition of the silicon nitride film of small charge store capacity is performed for example, by 
the JVD method. 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the 2nd gate 
insulator layer 14 having about 5-1 Onm is formed. 

Then, the silicon nitride of small charge store capacity is deposited by the JVD method, and the 
3rd gate insulator layer 1 5 having about 1 0nm is formed. 

[0145] Next, as shown in Fig. 96 , after depositing polycrystal silicon layer having the about 
50-250nm in which n type or p type impurity is doped all over n-type-semiconductor substrate 19 
by the LPCVD method, patteming is carried out with exposure technique and etching technique, 
and the gate electrode 3 is formed. 

Then dry etching is carried out conformably to the 1st gate insulator layer 13, the 2nd gate 
insulator layer 14 and the 3 rd gate insulator layer 15 of the surface of the n-type-semiconductor 
substrate 19 of the field which uses the gate electrode 3 as a mask and forms a source field and 
a drain field. 

[0146] Next, as shown in Fig. 97 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. In the 10th 
embodiment of this invention, the 1st gate oxide-film 13, the 3rd gate insulator layer 15 is 
constituted from a silicon nitride and the 2nd gate insulator layer 14 is constituted from a silicon 
oxide, and a fluoric acid system, for example, can be used as an etching reagent. 
Moreover, you may form the space 17 for charge accumulation layer formation by the plasma dry 
etching method using the gas containing HF gas instead of using the wet etching method which 
used the etching reagent. 
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[0147] Next, as shown in Fig. 98 , the silicon nitride 18 of high charge store capacity is 
accumulated all over n-type-semiconductor substrate 19 so that the space 17 for charge 
accumulation layer formation can be completely embedded by the LPCVD method. 
And as shown in Fig. 99, anisotropic etching by RIE is performed to the whole surface of the 
n-type-semiconductor substrate 19, and the charge accumulation layers 4a and 4b which 
consisted of a silicon nitride of high charge store capacity are formed. 

[0148] Next, as shown in Fig. 100, after forming ah oxide film 16 all over n-type-semiconductor 
substrate 19, p- type diffusion layer 20 of low impurity concentration is formed, p- type diffusion 
layer 20 is formed by pouring p type impurity using the gate electrode 3 as the mask with 
ion-implantation technique and by activating the poured impurity with heat treatment. 

[0149] Next, as shown in Fig. 101, after forming the sidewall spacer 9 in the sidewall of the gate 
electrode 3, p+ type diffusion layer 21 of high impurity concentration is formed. 
The p+ type diffusion layer 21 is formed by pouring p type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the poured 
impurity with heat treatment, 

[0150] Next, a high melting point metal film such as a tungsten, titanium and cobalt, is 
accumulated in the whole surface of the n type semiconductor circuit board 19, by the CVD or 
the spatter, then the electric conduction layer 12 composed of high melting point metal silicide is 
formed in each surface of the gate electrode 3 and the p+ type diffusion layer 21 by a n type 
semiconductor circuit board 19 being subjected to heat treatment in the inert atmosphere. If the 
high melting point metals of the un-response left in the territory except for the above is removed 
after the electric conduction layer 12 formation, the memory cell structure shown in the Fig. 90 
can be completed. 

[0151] In addition, although illustration is not shown, usual CMOS manufacturing processes, 
such as a layer insulation layer formation process, a contact hole formation process, a wiring 
formation process, and a passivation layer formation process, one by one after memory cell 
structure completion of Fig. 90, and a final nonvolatile memory cell is completed. 

[0152] Thus, in the 10th embodiment of this invention, the charge accumulation layers 4a and 4b 
can be formed in a self-matching target down the ends of the gate electrode 3. 
Therefore, miniaturization of the orientation of gate length of a cell transistor is attained. 
Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0153] Moreover, the width of the charge accumulation layers 4a and 4b in the orientation of 
channel length can be easily controlled by adjustment of the etch-speed difference and etching 
time of the 1st gate insulator layer 13, the 3rd gate insulator layer 15 and the 2nd gate insulator 
layer 14. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13 
and the 3rd insulator layer 15, and the oxide film 16, the nonvolatile semiconductor memory 
which was excellent in the charge hold property can be provided. 

The charge accumulation layers 4a and 4b are formed in the orientation of a channel field from 
the edge of the gate electrode 3 and the current transfer-characteristics of the memory cell is 
almost decided by the charge store status of the side portion of the channel field of the charge 
accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this portion is reduced to a limitation. 
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more detailed nonvolatile semiconductor memory can be provided. 

[0154] Furthermore, since the cell structure is easily realizable at usual CMOS process, the 
nonvolatile semiconductor memory can be manufactured by the low cost using the existing 
production line. 

[0155] And with the 10th embodiment of this invention, the electron-injection luminous efficacy at 
the time of writing can be raised. 

For this reason, improvement in the speed and reduction of the applied voltage at the time of 
writing can be attained. \ 

[0156](1 1th Embodiment Form) Next, the 1 1th embodiment form of this invention is explained. 
In the 10th embodiment form of the above, the 11th embodiment of this invention makes 
unnecessary the 2nd insulator layer 1 4 arranged between charge accumulation layer 4a of Fig. 
90, and charge accumulation layer 4b, and has taken the configuration which made two charge 
accumulation layers 4a and 4b uniiy. 

Fig. 1 02 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 1 1th embodiment of this invention. 

As shown in Fig. 102 , this memory cell structure is changed to the charge accumulation layers 
4a and 4b of the 10th embodiment form of the above, and the 2nd insulator layer 14, and 
arranges charge accumulation layers 4f. 

[0157] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 1 1th embodiment of this invention is explained using the Fig. 103 to the Fig. 108 . 
Like the 10th embodiment of the above, as first shown in Fig. 103 , the photo resist pattern 27 is 
formed except the field in which the channel field 25 is formed on the n-type-semiconductor 
substrate 19. 

And as shown in Fig. 104, a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method. 

[0158] Next, as shown in Fig. 105 , the small silicon nitride of charge store capacity is deposited 
all over n-type-semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is 
formed. 

Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

About 5-1 Onm of the high silicon nitrides 18 of charge store capacity Is formed by the LPCVD 
method after 1st gate insulator layer 13 formation. Then, the small silicon nitride of charge store 
capacity is deposited by the JVD method, and the about lOnm 3rd gate insulator layer 15 is 
formed. 

[0159] Next, as shown in Fig. 1 06 , after depositing the polycrystal silicon layer having about 50 - 
250nm in which n type or p type impurity is doped by the LPCVD method all over 
n-type-semiconductor substrate 19, patteming is carried out with exposure technique and 
etching technique, and the gate electrode 3 is formed. 

Then dry etching is carried out conformably to the 1st gate insulator layer 13, the silicon nitride 
18, and the 3rd gate insulator layer 15, of the surface of the n-type-semiconductor substrate 19 
of the field which uses the gate electrode 3 as a mask and forms a source field and a drain field. 
Here, charge accumulation layer 4f is formed. 

[0160] Next, as shown in Fig. 107, after forming an oxide film 16 all over n-type-semiconductor 

substrate 19, p- type diffusion layer 20 of low impurity concentration is formed. 

The p- type diffusion layer 20 is formed by pouring p type impurity using the gate electrode 3 as 

the mask with ion-implantation technique, and by activating the poured impurity with heat 

treatment. 

[0161] Next, as shown in Fig. 108, after forming the sidewall spacer 9 in the side attachment wall 
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of the gate electrode 3, of high impurity concentration is formed. 

The p+ type diffusion layer 21 is formed by pouring p type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the poured 
impurity with heat treatment. 

[0162] Next, high-melting point metal membranes, such as a tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the n-type-semiconductor substrate 19, then the 
n-type-semiconductor substrate 19 is heat-treated in an inert atmosphere, thereby forming the 
electric conduction layer 12 which consists of a refractory-metal siliside on each surface of the 
gate electrode 3 and p+ type diffusion layer 21 . 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 1 02 will be 
completed. 

[0163] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, ia contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 1 02 , and a final nonvolatile memory cell is 
completed. 

[0164] (12th Embodiment Form) Next, the 12th embodiment form of this invention is explained. 
Fig. 109 is a cross section showing the structure of the memory cell of the nonvolatile 
semiconductor memory concerning the 12th embodiment form of this invention. 
Although exposure technique and etching technique were used for patteming of the gate 
electrode 3 with the 10th embodiment of the above, it is the example which uses the chemical 
mechanical grinding method for patterning of the gate electrode 3 in the 12th embodiment. 

[0165] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 12th embodiment form of this invention is explained using the Fig. 110 to the Fig. 
1 1 6 . As first shown in Fig. 1 1 0 , the photoresist pattern 27 is formed except the field in which the 
channel field 25 is formed on the n-type-semiconductor substrate 19. 

And as shown in Fig. 1 1 1 , a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method. 

[0166] Next, as shown in Fig. 1 12 , the small silicon nitride of charge store capacity is deposited 
all over n-type-semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is 
formed. 

Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the small silicon nitride of charge store capacity is deposited by the JVD method, and the 
about 1 0nm 3rd gate insulator layer 1 5 is formed. 

Furthermore, the about 50-500nm polycrystal silicon layer 28 which doped n type or p type 
impurity by the LPCVD method all over n-type-semiconductor substrate 19 is deposited. 

[0167] Next, as shown in Fig. 1 13 , the gate electrode 3 is formed by embedding the polycrystal 
silicon layer 19 by the chemical mechanical polishing technique. In addition, wet etching usually 
removes the 1st gate insulator layer 13, the 2nd gate insulator layer 14, and the 3rd gate 
insulator layer 15 which remain on the n-type-semiconductor substrate 19. 

[0168] Next, as shown in Fig. 114 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
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\/Vhat is necessary is just to use for example, a fluoric acid system as an etching reagent with the 
12th embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 17 for charge accumulation layer formation by the plasma dry 
etching method using the gas which changes to the wet etching method which used the etching 
reagent, and contains HF gas. 

[0169] Next, as shown in Fig. 1 15 , it deposits so that thejspace 17 for charge accumulation layer 
formation may be completely embedded in the high silicon nitride 18 of charge store capacity by 
the LPCVD method all over n-type-semiconductor substrate 19. 

And as shown in Fig. 116, anisotropic etching by RIE is performed to the n-type-semiconductor 
substrate 19 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
high silicon nitride of charge store capacity are formed. 

[0170] Next, as shown in Fig. 117 , after forming an oxide film 16 all over n- type semiconductor 
substrate 19, p- type diffusion layer 20 of low impurity concentration is formed. It forms by 
activating the impurity which p- type diffusion layer 20 used the gate electrode 3 as the mask with 
ion-implantation technique, poured in p type impurity, and was poured in with subsequent heat 
treatment. 

[0171] Next, as shown in Fig. 118, after forming the sidewall spacer 9 in the side attachment wall 
of the gate electrode 3, p+ type diffusion layer 21 of high impurity concentration is formed. 
The p+ type diffusion layer 21 is formed by pouring p type impurity using used the gate electrode 
3 and the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the 
poured impurity with heat treatment. 

[0172] Next, the thing for which high-melting point metal membranes, such as a tungsten, 
titanium, and cobalt, are deposited by CVD or the spatter all over the n-type-semiconductor 
substrate 19, then the n-type-semiconductor substrate 19 is heat-treated in an Inert atmosphere. 
Thereafter the electric conduction layer 12 which consists of a refractory-metal silicide is formed 
on each surface of the gate electrode 3 and p+ type diffusion layer 21 . 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 109 will be 
completed. 

[0173] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 109 , and a final nonvolatile memory cell is 
completed. 

[0174] (13th Embodiment Form) Next, the 13th embodiment form of this invention is explained. 
With the embodiment of the above-mentioned 1st to the 12th above-mentioned embodiment, 
sufficient study to improvement in the speed of transistors other than a memory cell was not 
made. 

On the other hand, as structure of a high-speed CMOS transistor, by forming the notch on 
concave between a gate electrode and a source drain diffusion layer, the capacity between a 
gate electrode and a diffusion layer is reduced, and the attempt, which accelerates the logic gate, 
is made (T.Ghani et al., IEDM99, and p415). 

In this 13th embodiment form, this structure is used for nonvolatile semiconductor memory, and 
enables large improvement in the speed of the semiconductor device that contains the usual 
transistor which does not have a memory and usual nonvolatile semiconductor memory. 

[0175] Fig. 119 is a cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 13th embodiment form of this invention. 
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This memory cell consists of an n type MOS transistor. With the memory cell structure of the 
nonvolatile semiconductor memory concerning the 13th embodiment form of this invention, the 
gate electrode 3 is formed in the surface of the p type semiconductor substrate 1 through the 1st 
gate insulator layer 1 3. 

A concavity is prepared in the ends of the gate electrode 3, and the charge accumulation layer 4 
{4a, 4b) is formed in each concavity. 

The oxide film 30 is formed between the charge accumulation layer 4 and the gate electrode 3. 
The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16, 
and n- type diffusion layer 10 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
type diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and n+ type 
diffusion layer 1 1 . 

[0176] The memory cell of the non-volatile memory concerning the 13th embodiment form of this 
invention has LDD structure which constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration, and an n+ type diffusion layer 11 of high impurity 
concentration. And the charge accumulation layer 4 (4a, 4b) is formed in the both ends of the 
gate electrode 3. An electron is accumulated to these two charge accumulation layers 4a and 4b. 
The store status are four possibility 

(1) Neither charge accumulation layer 4a nor 4b is accumulating the electron, 

(2) only charge accumulation layer 4a is accumulating the electron, the status that only 

(3) only charge accumulation layer 4b is accumulating the electron 

(4) Both charge accumulation layers 4a and 4b are accumulating the electron. 

The amount of the change of threshold potential produced by the existence of the electron held 
at these two charge accumulation layers 4a and 4b Is made to correspond to a storage 
information "00", "01 ". "1 0", and "1 1 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of a channel field edge, the threshold voltage of a channel field center section is 
decided only by impurity concentration of a channel field, and it does not depend for it on the 
store status of the electron of the charge accumulation layer 4. 

Therefore, the fault deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layer 4 is prevented, and the poor leakage which originates in a fault 
deletion by that cause, a poor program, and poor read-out must have been produced. 
Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable non-volatile memory. 

What is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membranous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystai silicon layer, it can manufacture 
cheaply. 

If the 1st gate insulator layer 13 is furthermore constituted from a silicon nitride (Si3N4 layer) 
which has the dielectric constant of an about 2 times of a silicon oxide (Si02 layer), a 
silicon-oxide conversion thickness can stabilized and the very thin gate insulator layer which is 
from about 4nm to 1 1 nm can be realized. 

For example, since the real thickness in 5nm of the silicon nitride whose silicon-oxide conversion 
thickness is about 1 0nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is reduced in 
low-battery, and not only miniaturization of a memory cell but miniaturization of a circumference 
high-voltage operation element of it is attained. 

[0177] Although n- type diffusion layer 10 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
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cell of the non-volatile memory concerning the 13th embodiment form of this invention, a source 
field and a drain field may consist of single drain structure and double drain structure. 

[0178] Next, an operation of the non-volatile memory concerning the 13th embodiment form of 
this invention is explained using the Fig. 120 and the Fig. 121 . Fig. 120 is a cross section of the 
non-volatile memory explaining a write-in operation. Fig. 121 is a cross section of the non-volatile 
memory explaining a deletion operation. 

The memory cell of the Fig. 120 and the Fig. 121 consists of an n type MOS transistor. 

As shown in Fig. 120 , at the time of the writing of ai memory cell, voltage of about 6-8V is 

impressed to gate G, voltage of about 4-5V is impressedlto drain D, respectively, and source S is 

grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermo electron (CHE). What is necessary is just to replace 
with the above the voltage impressed to drain D and each source S, in pouring an electron into 
charge accumulation layer 4b by the side of a source field. 

On the other hand, as shown in Fig. 121 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by Fig. out an electron from the charge 
accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunpel current. 
Moreover, when two or more memory cells share gate G, an electron can be simultaneously 
drawn out from those memory cells. In this case, source S and drain D should just be taken as 
the p type semiconductor substrate 1 and this potential. 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to a drain electrode, and to draw out an electron for a source 
electrode only from floating potential (Floating), then charge accumulation layer 4b by the side of 
a drain electrode. 

What is necessary is to impress a right voltage to a source electrode, in drawing out an electron 
only from charge accumulation layer 4a by the side of a source electrode, and just to let a drain 
electrode be floating potential. 

[0179] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current flowing between source S and drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0180] Next, the operation of the non-volatile memory concerning the 13th embodiment form of 
this invention which consists of a p type MOS transistor is explained using the Fig. 122 and the 
Fig. 123. 

Fig. 122 is a cross section of the non-volatile memory explaining a write-in operation. 
Fig. 123 is a cross section of the non-volatile memory explaining a deletion operation. 
The memory cell of the Fig. 122 and the Fig. 123 consists of a p type MOS transistor. 
As shown in Fig. 122, at the time of the writing of a memory cell, about 5V is impressed to gate G, 
and about -5V is impressed to drain D, respectively, and let source S be floating potential. 
Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain field, and an electron is poured Into 
charge accumulation layer 4b by the side of a drain field. 

What is necessary is just to replace with the above the voltage impressed to drain D and each 
source S, in pouring an electron into charge accumulation layer 4a by the side of a source field. 
On the other hand, as shown in Fig. 123 , a deletion of a memory cell is carried out by impressing 
a negative voltage (at least -SV) to gate G and drawing an electron from the charge accumulation 
layers 4a and 4b using FN current. 
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Moreover, when two or more memory cells share gate G, an electron can be simultaneously 
drawn out from those memory cells. In this case, source S and drain D are taken as the 
n-type-semiconductor substrate 19, this potential, or floating potential. 

[0181] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current flowing between source S and drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different cunrent 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0182] In the 1 3th embodiment form of this invention, the usual MOS transistor as shown in Fig, 
124, which does not have a memory, is also realizable. 

Because, in this MOS transistor, the charge accumulation layer 4 is arranged only on the source 
drain field 10 and 1 1 , and is not arranged on the channel field. 

For this reason, the conduction property of this MOS transistor is because influence is not 
received in the hold status of the charge of the charge accumulation layer 4 at all. 
Furthermore, by presence of the concavity of the gate electrode 3, the parasitic capacitance 
between gate-source drains is reduced and it also has the advantageous point that the fast turn 
around of an MOS transistor becomes possible. 

[0183] (14th Embodiment Form) Next, the 14th embodiment form of this invention is explained. 

The 14th embodiment form serves as the configuration of having made the charge accumulation 

layer 4 and the sidewall spacer 9 unifying, in the 13th embodiment form of the above. 

Fig. 125 is a cross section showing the memory cell structure of the nonvolatile semiconductor 

memory conceming the 1 4th embodiment form of this invention. 

This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the nonvolatile semiconductor memory conceming the 14th 
embodiment form of this invention, the gate electrode 3 is formed in the surface of the p type 
semiconductor substrate 1 through the 1st gate insulator layer 13. 

A concavity is prepared in the ends of the gate electrode 3, and the charge accumulation layer 4 
(4a, 4b) is formed in each concavity. 

The oxide film 30 is formed between the charge accumulation layer 4 and the gate electrode 3, 
The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16, 
and a part of this sidewall spacer 9 constitutes the charge accumulation layer 4. n- type diffusion 
layer 1 0 of the low impurity concentration which touches a channel field, and n+ type diffusion 
layer 1 1 of the high impurity concentration located in the outside of this n- type diffusion layer 1 0 
are formed in the principal plane of the p type semiconductor substrate 1 of the lower part of the 
sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0184] What is necessary is for the 14th embodiment form of this invention just to constitute the 
sidewall spacer 9 and the charge accumulation layer 4 from the high silicon nitride of the charge 
store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the film quality of a 
lower insulator layer can be acquired by accumulating an electron to the dispersed charge 
trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

[0185] In the 14th embodiment form of this invention, a usual MOS transistor as shown in Fig, 
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126 is realizable as well as the 13th embodiment of the above 
[0186] 

[Effect of the Invention] According to this invention, the structure of the nonvolatile semiconductor 
memory, which can memorize the information for two or more bits by the easy cellular structure, 
is realizable. 

[0187] According to this invention, the manufacture technique of the nonvolatile semiconductor 
memory which manufactures the nonvolatile semiconjductor memory, which memorizes the 
information for two or more bits in an easy manufacture process, is realizable. 

[0188] According to this invention, the structure of a semiconductor memory containing 
non-volatile memory capable of electrically writing/deleting and volatile memory capable of 
high-speed writing in and reading out, is realizable with a simple cell structure. 

[0189] According to this invention, the manufacture technique of a semiconductor memory 
containing non-volatile memory capable of electrically writing/deleting and volatile memory 
capable of high-speed writing in/reading out, is realizable with simple manufacture process. 

[Brief Description of the Drawings] 

[Fig. 1] It is the cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 1st embodiment form of this invention. 

[Fig. 2] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1st embodiment form of this invention. 

[Fig. 3] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1st embodiment form of this Invention. 

[Fig. 4] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1st embodiment form of this invention. 

[Fig. 5] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention, 

[Fig. 6] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 7] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 8] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 9] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 10] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 11] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 2nd embodiment form of this invention. 

[Fig. 12] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 2nd embodiment form of this invention. 
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[Fig. 13] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 14] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 15] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 16] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 17] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 18] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this Invention. 

[Fig. 19] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 20] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 4th embodiment form of this invention. 

[Fig. 21] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 4th embodiment form of this invention. 

[Fig. 22] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 4th embodiment iform of this invention. 

[Fig. 23] It is the cross section showing the structure of the MOS transistor which constitutes the 
circumference circuit of the non-volatile memory concerning the 5th embodiment form of this 
Invention. 

[Fig. 24] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 25] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 26] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 27] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 28] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 29] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 30] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 31] It is the cross section showing the memory cell structure of the nonvolatile 
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semiconductor memory carried in the semiconductor memory concerning the 6th embodiment 
form of this invention. 

[Fig. 32] It is the cross section showing the memory cell structure of the volatile semiconductor 
memory carried in the semiconductor memory concerning the 6th embodiment form of this 
invention. 

[Fig. 33] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 6th embodiment form of this invention. | 

[Fig. 34] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 6th emkx)diment form of this invention. 

[Fig. 35] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 36] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 37] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 38] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 39] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 40] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 41] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 42] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 43] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 44] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 45] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodimentform of this invention. 

[Fig. 46] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodimentform of this invention. 

[Fig. 47] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 48] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 49] It is the cross section showing the manufacturing process of the memory cell of the 
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volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 50] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 51] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 52] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 53] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory carried in the semiconductor memory concerning the 7th erhbodlment 
form of this invention. 

[Fig. 54] It is the cross section showing the memory cell structure of the volatile semiconductor 
memory carried in the semiconductor memory concerning the 7th embodiment form of this 
invention. 

[Fig. 55] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 56] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 57] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 58] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 59] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 60] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 61] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 62] It Is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 63] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 64] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 65] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 66] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 67] It is the cross section showing the manufacturing process of the memory cell of the 
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volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 68] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 69] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 70] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 71] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 72] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 8th embodiment form of this Invention. 

[Fig. 73] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 8th embodiment form of this invention. 

[Fig. 74] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 75] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 76] It is the cross section showing the manufacturing process of the memory cell of the 
. nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 77] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 78] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 79] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 80] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 81] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 82] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 83] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 84] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 85] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 
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[Fig. 86] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 87] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention.. 

[Fig. 88] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 89] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 90] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 91] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 10th embodiment form of this invention. 

[Fig. 92] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1 0th embodiment form of this invention. 

[Fig. 93] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 94] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 95] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 96] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 97] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 98] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 99] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 0th embodiment form of this invention. 

[Fig. 100] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 101] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 0th embodiment form of this invention. 

[Fig. 102] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 103] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1th embodiment form of this invention. 

[Fig. 104] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1th embodiment form of this invention. 
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[Fig. 105] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 106] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 107] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 1 08] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1th embodiment form of this invention. 

[Fig. 109] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 110] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this inventiori. 

[Fig. Ill] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 112] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 113] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 114] It is the cross section showing the manufacturing process of the rnemory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 115] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 116] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 117] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 118] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 119] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 13th embodiment form of this invention. 

[Fig. 120] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this invention which consisted of an n type MOS 
transistor. 

[Fig. 121] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this invention which consisted of an n type MOS 
transistor. 

[Fig. 122] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this invention which consisted of a p type iVIOS 
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transistor. 



[Fig. 123] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this invention which consisted of a p type MOS 
transistor. 

[Fig. 124] It is the cross section showing the structure of the MOS transistor which has the same 
gate structure as the memory cell of the nonvolatile semiconductor memory concerning the 13th 
embodiment form of this invention. 

[Fig. 125] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 14th embodiment form of this invention. 

[Fig. 126] It is the cross section showing the structure of the MOS transistor which has the same 
gate structure as the memory cell of the nonvolatile semiconductor memory concerning the 14th 
embodiment form of this invention. 

[Description of Notations] 

1 P Type Semiconductor Substrate 

2 Gate Insulator Layer 

3 Gate Electrode (1st Gate Electrode) 

4 Charge Accumulation Layer 

5 1st Oxide Film 

6 Nitride 

7 2nd Oxide Film 

8 2nd Gate Electrode 

9 Sidewall Spacer 

10 N-Type Diffusion Layer 

1 1 N+ Type Diffusion Layer 

12 Electric Conduction Layer 

13 1st Gate Insulator Layer 

14 2nd Gate Insulator Layer 

1 5 3rd Gate Insulator Layer 

16 Oxide Film 

1 7 Space for Charge Accumulation Layer Formation 

18 Silicon Nitride 

19 N-type-Semiconductor Substrate 

20 P- Type Diffusion Layer 

21 P+ Type Diffusion Layer 

22, 27 Photoresist (photoresist pattern) 

23 Tunnel Insulator Layer 

24 4th Gate Insulator Layer 

25 Channel Field 

26 Level Difference 

28 Polycrystal Silicon Layer 
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